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EMERS ON 
IMV| Ventilator 


A MAJOR ADVANTAGE 


of Emerson ventilators is the | 
sine-wave pressure curve 
produced by the Emerson piston. 





Inspiratory flow starts slowly, 
increases to maximum at mid-breath, 
and slows down again to a 
kind of plateau at the end. 


This flow pattern closely copies 
normal breathing, and (compared 
with a square wave) tends to distribute 
gas better in the lungs.* 
It probably accounts for the 
frequently-observed ability of 
Emersons to ventilate difficult 
patients at lower pressure levels. 





Exhalation is exceptionally free. 
Thus, the positive phase is not pro- 
longed needlessly, and impact on the 
cardiovascular system is minimized. 





The lower mean intrathoracic pressure, that results 
from this sine-wave pattern and easy exhalation, is a 
circulatory benefit of outstanding clinical importance. 


The simple, direct construction results in unique reliability. 
Emersons are known to operate for long periods 
without down-time or costly overhauls, a matter 
of significance for cost-effectiveness as well as 
for patient safety. 


With characteristics that ensure ventilatory capacity and 
a minimum of circulatory interference, your Emerson 
can be called on to treat severely difficult cases. It can 
provide important benefits in routine cases as well. 


*Sullivan, Saklad and Demers: “Ventilator Waveform and Gas Distribution” RESPIRATORY CARE 22:4:393. 
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lly reverses respiratory depression 
rcotic-supplemented anesthesia 








= When partial or complete reversal is indicated, NARCAN® will quickly reverse 
Í- jarcotic-induced respiratory depression and help restore consciousness. The 
_ result? Your patient may be out of the recovery room and back in his own room 


restoration of the patient's protective reflexes reduces the risk 
complications. Moreover, because the dosage of NARCAN 
ye analgesic action of the narcotic can usually be preserved. 


NARCAN is usually evident within 2 to 3 minutes following intra- 
ion and takes only slightly longer when given intramuscularly. For 
reverse narcotic respiratory depression, NARCAN should be 
ncrements of 0.1 mg-0.2 mg I.V. at 2- to 3-minute intervals, to 
reversal (i.e., when adequate ventilation and alertness 
sfactory analgesia). It is important to monitor patients 
gated doses as needed since the duration of action of 
ceed that of NARCAN. 


® NEONATAL Injection (naloxone HCD. 
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ad . LES j 
ee naloxone HC] 
ety y INDICATIONS NARCAN® (naloxone hydrochloride) is indicated for 
a bs? ee the complete or partial reversal of narcotic depression, including 
era rey respiratory depression. induced by opiolds including natural and 
$ PG? epa Ata synthetic: narcotics, abe and the narcotic-antagonist 
= po ot analgesic pentazocine. NAR Is also Indicated for the diag- 
ee ee ee nosis of suspected acute opioid overdosage. 
A E CONTRALNDICATIONS NARCAN is contraindicated In patients 
Sy g a e known to be hypersensitive toit. —- 
a es WARNINGS NARCAN should be administered cautlously to 
See pefsors including newborns of mothers who are known or 
ee ae suspected io be physically dependent on opiodis. in such cases 
apa s an abrupt and complete reversal of narcotic effects may precipi- 
T S _ tatean acute abstinence syndrome. 
i The patient who has satisfactorily responded to NARCAN shouid 
ren a be kept under continued survelllance and repeated doses of 
ee ae : ~NARCAN should be administered. as necessary. since the 
UE, w duration of action of some narcotics may exceed that of NARCAN. 
A : NARCAN Is not effective against respiratory depression dus to 
mor "oe non-opioid drugs. 
ad Gage ae ` Usage In Pregnancy: Safe use of NARCAN during pregnancy 
¥ : ; {other than labor) has not been established. Animal reproduction 
a ee ‘studies have not demonstrated teratogenic or other embryotoxic 
Pea oe 2 affect? (See ANIMAL PHARMACOLOGY AND TOXICOLOGY). 
eee de - However, NARCAN should be administered to pregnant patients 
MTE ey i only when, in tha judgment of the physician, the potential benefits 
Male Ze ong eee outweigh the possible hazards. 
pe aes . >, PRECAUTIONS In addition to NARCAN. other resuscitative 
a a measures such as maintenance of a free airway, artificial 
ae le ee E ventilation, cardiac massage, and vasopressor agents should be 
ty: ~ Ac is. avallable and employed when necessary to counteract acute 
z a ; narcotic poisoning. In an isolated report two patients with pre- 
Wate a + ‘existing ventricular irritability requiring lidocaine, and either 
7 oai - isoproterenol or epinephrine for hypotension following cardio- 
e 1 3 ‘ . pulmonary el nae procedures, developed ventricular tachycar- 
ee . _, dla or fibrillation when given NARCAN 1.V. at 9 and 14 hours, 
E ‘ respectively, pose) for persistent unresponsiveness. 
ay ae Although a direct cause and effect relationship has not been 
OG ‘established, NARCAN should be used with caution in patients with 
cardiac irritability. 
p in-rare,cases vary rapid reversal of narcotic anesthesia in cardiac 
3 ~"  patieħts has resulted in pulmonary edema. 
po i ' ADVERSE REACTIONS Abrupt reversal of narcotic depression may 
ic x result In nausea, vomiting, ewer at tachycardia. Increased 
vehi ae od blood pressure. and tremulousness. in postoperative patients. 
whe i excessive dosage of NARCAN may result in significant reversal of 
ot analgesia. and excitement: in some cardiac patients, the resultant 
hypertension and tachycardia may result in left ventricular failure 
and pulmonary edema. In the absence of narcotics naloxone ls 
pete essentially devold of side effects. : 
se te ` DOSAGE AND ADMINISTRATION NARCAN (naloxone hydrochio- 
a A - tide) may be administered Wa intramuscularly, or 
ers, eit i subcutaneously. The most rapid onset of actlon is achleved by 
fo - intravenous administration and it is recommended in emergency 
gis ` - situations. 
$238 Since the duration of action of some narcotics may exceed that of 
ae: NARCAN the patient should be kept under continued surveillance 
and repeated doses of NARCAN should be administered. as 
necessary. ` 
USAGE IN ADULTS Narcotic Overdose —Known or Saspacted The 
usual initial adult dose is 0.4 mg (1 mi) NARCAN administered 
ee c 1.V.. 1.M- or S C. If the desired degree of countaractlon and 
A eee a Improvement in resplratory function is not obtained Immediately 
a following i. V. administration, it may-be repeated intravenously at 
ee a 2 to 3 minute intervals. Failure to obtain significant Improvement 
ae akter? or 3 doses suggests that the condition may be due partly or 
~~ . i ~ completely to other disease processes or non-opiold drugs. 
rs l : Postoperative Narcotle Depression: For the partial reversal of 
& hs narcotic depression following the use of narcotics during surgery. 
pee smaller doses of NARCAN are usually sufficlent. The dose of 
ea 5 NARCAN should be thrated according to the patient's response. 
2 x For the inltiaiveversal of respiratory depression, NARCAN shouid 
i ~ be injected in increments of 0.1 to 0.2 mg Intravenously at two to 
' three minute Intervals to the desired degres of reversal le. 
e \ + adequate ventilation and alertness without significant paln or 
n net discomfort. Excessive dosage of NARCAN may result In signifi- 
we gs OM cant reversal of analgesia and increases in blood pressure. 
` Similarly, too rapid reversal may induce nausea. vomiting, 
sweating or circulatory stress. 


Repeat doses of NARCAN may be required within one to two hour ` 


Intervals depending upon the amount. type {l.e. short or long 
4 acting} and time interval since last administration of narcotic. 
eo +8 Supplemental intramuscular doses have been shown to produce a 
o NEO longer lasting effect. 

MS “pag USAGE IN CHILDREN Narcotic Overdose—Kaown or Suspected: 
. Pog ‘ The usual initial child dose Is 0.01 mg/kg body weight given I.V.. 
LM., or S.C. This dose may be repeated In accordance with the 
` aa adult administration guideline. If necessary, NARCAN can be 

La S diluted with sterlle water tor injection. 
eE USAGE IN NEONATES Warcotic-induced depression: The usual 
S a . initlal dose is 0.01 mg/kg body welght administered I.V.. 1.M. or 
$ K S.C. This dose may be repeated in accordance with adult 

i administration guideiines. 


‘om ` HOW SUPPLIED 0.4 mg/m! of NARCAN (naloxone hydrachlo- 
e for intravenous. intramuscular and Subcutaneous adminis- 
ye Aaa tration. ` 
i Eni i Available in 1 ml ampuls in boxes of 10 and 100. l 
sy 0.02 mg/mi of NARCAN® (naloxone hydrochloride) NEONATAL 
Le INJECTION for intravenous, intramuscular and subcutaneous 
Tatr + administration.. ; 
paT Ge Available in 2 ml ampuls‘in boxes of 10 and 100. 


TB tS - » 16077-4 BS . ; 
oa ae : NARCAN is a U.S. registered trademark 
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es ney of Endo Pharmaceuticals. Inc. 
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Opticath 


All conventional hemodynamic parameters, plus... 
ACCURATE, CONTINUOUS, REAL-TIME S-02 


constantly assessing the primary indicator of 
overall respiratory and cardiocirculatory status. 


from OXIMETRIX | 
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premedication with 
Ativan’ (lorazepam) 
Injection IM or IV 

a effectively reduces 
[Pf recall of events 

wy surrounding surgery 


mm @ Allays preoperative apprehension 
@ Leaves patients calm but cooperative 





® Causes little, if any, IV irritation 


@® Rated “highly acceptable 

by most patients in clinical studies 

Surgical procedures are perceived as frightening O1 
unpleasant by most patients. If given the oppor tunity, many 


eg would rather not remember anything about the ordeal. 

ak Ativan” Injection can help. Administered as recommended, 
Ativan Injection helps sedate the patient, relieves presur gical 

hg anxiety and diminishes recall of events surrounding surgery. 


The dosage of Ativan Injection should be individualized for each 
patient. For those patients in whom a lack of recall and excellent 


sedation are desired, doses of 0.05 mg/ kg up to a maximum 


of + mg should be administered. For patients in whom a lack of 
recall is not desired, as well as for the elderly or debilitated, the 


Wyeth Laboratories 


| l i Philadelphia, PA 19101 


See important information on tollowing page 
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dose of Ativan Injection should be reduced 








INJECTION IM 


DESCRIPTION: Ativan*® (lorazepam) Injection, a benzodiazepine with antianxiety and sedative effects. is intended 
for IM or IV use. It has the chemical formula ?-chloro-5-(o-chloropheny!)-1,3-dihydro-3-hydroxy-2H-1,4-benzo- 
diazepin-2-one. 

Lorazepam iS a nearly white powder almost insoluble in water. Each ml of Sterile injection contains either 2.0 or 
4.0 mg lorazepam, 0.18 mi polyethylene glycol 400 in propylene glyco! with 2.0% benzy! alcohol as preservative. 


CLINICAL PHARMACOLOGY: IV or IM administration of recommended dose of 2-4 mg lorazepam injection to 
adult patients is followed by dose related effects of sedation (sleepiness or drowsiness), relief of preoperative anxi- 
ety and lack of recall of events related to day of Surgery in most patients. The clinical sedation {sleepiness or 
drowsiness) thus noted is such that most patients are able to respond to simpie instructions whether they give 
appearance of being awake or asleep. Lack of recall is relative rather than absolute, as determined under condi- 
tions of careful patient questioning and testing, using props designed to enhance recall. Most patients under these 
reinforced conditions had difficulty recalling perioperative events. or recognizing props from before surgery. Lack 
of recall and recognition was optimum within 2 hours after IM and 15-20 minutes after IV injection. 

intended effects of recommended adult dose of lorazepam injection usually last 6-8 hours. In rare instances and 
where patients received greater than recommended dose, excessive sleepiness and prolonged lack of recall were 
noted. As with other benzodiazepines, unsteadiness, enhanced Sensitivity to CNS depressant effects af ethy! alco- 
hol and other drugs were noted in isolated and rare cases for greater than 24 hours 

Studies in healthy adult volunteers reveal that IV lorazepam in doses up to 3.5 mg/70 kg does not alter sensitiv- 
ity to respiratory stimulating effect of carbon dioxide and does not enhance respiratory depressant effects of doses 
of meperidine up to 100 mg/70 kg (aise determined by carbon dioxide challenge} as long as patients remain sutti- 
ciently awake to undergo testing. Upper airway obstruction was observed in tare instances where the patient 
received greater than recommended dose, and was excessively sleepy and difficult to arouse. (See WARNINGS and 
ADVERSE REACTIONS.) 

Clinically employed doses of lorazepam injectable do not greatly affect the circulatory system in the supine posi- 
tion or employing a 70 degree tilt test, Doses of 8-10 mg of IV lorazepam (2 to 2.5 times maximum recommended 
dosage} will produce loss of lid reflexes within 15 minutes. 

Studies m six (6) healthy young adults who received lorazepam injection and no other drugs revealed that visual 
tracking (the ability to keep a moving line centered) was impaired for a mean of eight (B) hours folowing 4 mg iM 
lorazepam and four (4) hours following 2 mg IM with considerable Subject variation. Similar findings were noted 
with pentobarbital 150 and 75 mg. Although this study showed both lorazepam and pentobarbital interfered with 
eye-hand coordination. data are insufficient to predict when it would be safe to operate a motor vehicle or engage in 
hazardous occupation or sport, 

INDICATIONS AND USAGE: in aduits—for preanesthetic medication. producing sedation (sleepiness or drawsi- 
Ness). relief of anxiety, and decreased ability to recall events related to day of surgery. Most useful in patients anx- 
lous about surgical procedure whe preter diminished recall of events of day of surgery, 

CONTRAINDICATIONS: Known sensitivity to benzodiazepines or vehicle (polyethylene glyco, propylene glycol. 
and benzy! alcoho!) or acute narrow angie glaucoma. intra-arterial injection is contraindicated because. as with 
other injectable benzodiazepines, inadvertent intra-arterial injection may produce arteriospasm resulting in gan- 
grene which may require amputation. (See Warnings) 

WARNINGS: PRIOR TO IV USE, LORAZEPAM SHOULD BE DILUTED WITH EQUAL AMOUNT OF COMPATIBLE DILUENT 
(SEE DOSAGE AND ADMINISTRATION). 1V INJECTION SHOULD BE MADE SLOWLY AND WITH REPEATED ASPIRATION 
CAREFULLY DETERMINE THAT INJECTION WILL NOT BE INTRA-ARTERIAL AND PERIVASCULAR EXTRAVASATION 
WILL NOT OCCUR. PARTIAL AIRWAY OBSTRUCTION MAY OCCUR IN HEAVILY SEDATED PATIENTS. IV LORAZEPAM, 
GIVEN ALONE IN GREATER THAN RECOMMENDED DOSE, OR AT RECOMMENDED DOSE AND ACCOMPANIED BY 
OTHER GRUGS USED DURING ANESTHESIA, MAY PRODUCE HEAVY SEDATION; THEREFORE, EQUIPMENT TO MAIN- 
TAIN PATENT AIRWAY AND SUPPORT RESPIRATION AND VENTILATION SHOULD BE AVAILABLE 


No evidence now supports lorazepam injecHon in coma, shock of acute alcohol intoxication. Since the liver i the 
most likely site of conjugation and since excretion of conjugated lorazepam (glucuronide), is renal, lorazepam is not 
recommended in hepatic and/or rena! faiture. This does not preclude its use in patients with mild to moderate hepa- 
tic or renal disease. When injectable lorazepam is used in mild to moderate hepatic or renal disease, consider 
lowest effective dose since drug effect may be prolonged, Experience with other benzodiazepines and limited expe- 
rence with parenteral lorazepam demonstrated that tolerance to concomitant alcohol and other CNS depressants 
is diminished. As with similar CNS-acting drugs, patients receiving injectable lorazepam should not operate 
machinery or motor vehicles or engage in hazardous occupations for 24 10 48 hours. impairment of performance 
may persist for greater intervals because of extremes of age, other concomitant drugs, stress of surgery or general 
condition of patient. Clinical trials showed patients aver 50 may have more profound and prolonged sedation with 
V use, Ordinarily an initial dose of 2 mg may be adequate, unless greater degree of lack of recall is desired. As with 
ail CNS depressants, exercise care in patients given injectable lorazepam since premature ambulation may result 
In Injury from falling. There is no added beneticial effect trom adding scopolamine to injectable lorazepam: their 
combined effect may result in increased incidence of sedation, hallucination and irrational behavior 

Pregnancy: LORAZEPAM GIVEN TO PREGNANT WOMEN MAY CAUSE FETAL DAMAGE. Increased risk of congenital 
malformations with use of minor tranquilizers (chiordiazepoxide, diazepam, meprobamate) during first trimester of 
pregnancy was suggested in several studies. In humans, blood levels from umbilical cord blood indicate placental 
transfer of lorazepam and its glucuronide. Lorazepam injection should not be used during pregnancy because of 
insufficient data on obstetrical safety, including its use in cesarean section. Reproductive studies performed in 
mice, rats, and two strains of rabbits showed occasional anomalies {reduction of tarsals, tibia, metatarsals, malro- 
tated limbs, gastroschisis, malformed skull and microphthalmia) in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in concurrent contro! group, they have been reported to 
occur randomly in historical controls. At doses of 40 mg/kg p.o. or 4 mg/kg IV and higher, there was evidence of 
fetal resorption and increased fetal loss in rabbits which was not seen at lower doses. 

Endoscopic Procedures: There are insufficient data to Support lorazepam injection for outpatient endoscopic 
procedures. inpatient endoscopic procedures require adequate recovery room observations. Pharyngeal reflexes 
are not impaired when lorazepam injection is used for per-oral endoscopic procedures, therefore adequate topical 
or regionat anesthesia is recommended to minimize reflex activity associated with such procedures. 
PRECAUTIONS: General: Bear in mind additive CNS effects af other drugs. €.9. phenothiazines, narcotic analge- 
sics. barbiturates, antidepressants, scopolamine and MAO inhibitors when these drugs are used concomitantly 
with or during period of recovery from torazepam injection. (See CLINICAL PHARMACOLOGY and WARNINGS .} Use 
extreme care in giving lorazepam injection to elderly or very ilf patients, or those with limited pulmonary reserve, 
because of possible underventilation and/or hypoxic cardiac arrest. Resuscitative equipment for ventilatory sup- 
port should be readily available. (See WARNINGS and DOSAGE and ADMINISTRATION.) When lorazepam is used IV 
as premedicant prior to regional of local anesthesia, excessive sleepiness or drowsiness May possibly interfere 
with patient cooperation to determine anesthesia jevels, This is most likely when more than 0.05 mg/kg is given 
and narcotic analgesics are used concomitantly with the recommended dose. (See ADVERSE REACTIONS.) 
information for Patients: As appropriate, inform patients of pharmacological effects, e.g. sedation, relief of 
anxiety and lack of recall, and duration of these effects (about 8 hours), sa they may adequately perceive risks as 
well as benefits from its use. Caution patients who receive lorazepam injection as premedicant that driving auto- 
mobiles or operating hazardous machinery, or engaging in hazardous sports should be delayed tar 24 to 48 hours 
after injection. Sedatives, tranquilizers, and narcotic analgesics given with injectable lorazepam may produce 
more prolonged and profound effect, taking the form of excessive sleepiness or drowsiness, and rarely interfering 
with recall and recognition of events of day of surgery and the day after. Getting out of bed unassisted may resuit in 
tailing and injury if undertaken within 8 hours of receiving lorazepam injection. Alcoholic beverages should not be 
used for at least 24 to 48 hours after lorazepam injection due to additive effects on CNS depression seen with ben- 
zodiazepines in general. Elderly patients should be told lorazepam injection may make them very Sleepy for longer 
than 6 to 8 hours after surgery. 


Laboratory Tests: in clinical triats no laboratory test abnormalities were identified with single or multiple doses 
of lorazepam injection. Tests included: CBC. urinalysis, SGOT, SGPT, bilirubin, alkaline phosphatase, LDH, choles- 
terol, uric acid, BUN, glucose, calcium, phosphorus and total proteins. 

Drug interactions: Lorazepam injection, like other injectable benzodiazepines, produces CNS depression when 
given with ethyl alcohol, phenothiazines. barbiturates, MAO inhibitors and other antidepressants. When scopola- 
mine is used Concomitantly with injectable lorazepam increased incidence of sedation, hallucinations and irrational 
behavior was observed. 

Orug/Laboratory Test interactions: No laboratory test abnormalities were identified when lorazepam was 
giver alone of concomitantly with another drug, e.g. Narcotic analgesics, inhalation anesthetics, scopolamine, 
atropine, and various tranquilizing agents. 
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Carcinogenesis, Mutagenesis, impairment of Fertility: No evidence of carcinogenic potential emerged in 
rats and mice during an 18-menth study with oral lorazepam. No studies regarding mutagenesis have been per- 
formed. Pre-imp.antation study in rats, performed with oral lorazepam at a 20 mg/kg dose. showed no impairment 
of fertility. 

Pregnancy: Pregnancy Category D. See WARNINGS section. 

Labor and : There are insufficient data for lorazepam injection in labor and delivery, including cesarean 
section, therefore, this use is hot recommended. 

Nursing Mothers: Do not give injectable lorazepam to nursing mothers, because like other benzodiazepines, 
iorazepam may possibly be excreted in human milk and sedate the infant. 

Pediatric Use: There are insufficient data to support efficacy or make dosage recommendations for injectable 
lorazepam in patients under 18 years; therefore, such use is not recommended. 

ADVERSE REACTIONS: CNS: Most frequent adverse effects with injectable lorazepam are extensions of drug's 
CNS depressant effects. Incidence varied from one Study to another, depending on dosage, route, use of other CNS 
depressants, and investigator s opinion concerning degree and duration of desired sedation, Excessive Sleepiness 
and crowsiness were main side effects, This interfered with patient cooperation in about 6% (25/446) af patients 
unde’ going regional anesthesia in that they were unable to assess levels of anesthesia in regional blocks or with 
caudal anesthesia. Patients over 50 years had higher incidence of excessive Sleepiness or drowsiness compared 
with ‘hose under 50 (21/106 vs 24/245} when lorazepam was given IV (see DOSAGE and ADMINISTRATION). On rare 
occasion (3/1580) patient was unable to give personal identification on arrival in Operating room, and one patient 
fell when attempting premature ambulation in postoperative period. Symptoms such as restlessness, contusion, 
depression, crying, sobbing, and delirium occurred in about 1.3% (20/1580). One patient injured himself postopera- 
tively by picking at his incision. Hallucinations were present in about % (14/1580) of patients, and were visual and 
Seit-Rmiting. An occasional patient complained of dizziness, diplopia and/or blurred vision. Depressed hearing was 
infrequently reported during peak effect period. An occasional patient had prolonged recovery room stay, because 
of excessive sleepiness or some form of inappropriate behavior (latter seen most commonly when scopolamine 
giver Concomitantly as premedicant). Limited information trom patients discharged day after receiving injectable 
lorazepam showed one patient complained of some unsteadiness of gait and reduced ability to perform complex 
mental functions. Enhanced sensitivity to alcoholic beverages was reported more than 24 hours after injectable 
lorazepam, similar to experience with other benzodiazepines. 

Local Effects: iM (orazepam resuited in pain at injection site, a sensation of burning, of observed redness in the 
Same area In a very variable incidence from one study to another, Overall incidence of pain and burning was about 
17% :146/ 859} in immediate postinjection period, and about 1.4% {12/859} at 24-hour observation time. Reactions 
at injection site (redness) occurred in about 2% (17/859) in immediate postinjection period, and were present 24 
hours later in about 0.8% (7/859). IV lorazepam resulted in pain in 13/771 patients or about 1.6% immediately post- 
injeccion and 24 hours later 4/771 patients or about 0.5% stiil complained of pain. Redness did not occur immedi- 
ately post IV but was noted in 19/771 patients at 24-hour period (incidence is similar to that observed with IV 
intus:on before lorazepam was giver). 

Cardiovascular System: Hypertension (0.1%) and hypotension (0.1%) were occasionally observed aftar patients 
recewed imectable lorazepam. 

Respiratory System: Five patients (5/446) who underwent regional anesthesia were observed to have partial 
airway obstruction. This was believed due to excessive sleepiness at time of procedure, and resulted in temporary 
underventiiation. Immediate attention to the airway, employing usual countermeasures. wilt usually suffice to man- 
age (is (see also CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS). 

Other Adverse Experiences: Skin rash, nausea and vomiting were occasionally noted in patients who received 
injectable lorazepam with other drugs during anesthesia and surgery. 

ORUG ABUSE AND DEPENDENCE: As with other benzodiazepines, lorazepam injection has a low potential for 
abuse and may lead to limited dependence. Although there are no such clinical data for injectable lorazepam, 
repeated doses over prolonged period of time may result in limited physical and psychological dependence. 
OVERDOSAGE: Overdosage of benzodiazepines is usually manifested by varying degrees of CNS depression rang- 
ing fram drowsiness to coma. in mild cases symptoms include drowsiness, mental contusion and lethargy; in more 
Serious cases ataxia, hypotonia, hypotension, hypnosis, Stages one to three coma, and very rarely death. Treat- 
ment of overdosage is mainly supportive until drug is eliminated. Carefully monitor vital signs and fluid balance. 
Maint ain adequate airway and assist respiration as needed. With normally functioning kidneys, forced diuresis 
with intravenous fluids and electrolytes may accelerate elimination of benzodiazepines. in addition, osmotic diu- 
fetics such as mannitol may be effective as adjunctive measures. in more critical Situations, renaf dialysis and 
exchange blood transfusions may be indicated. Published reports indicate that IV infusion of 0.5 to 4 mg physostig- 
mine at rate of 1mg/ minute may reverse symptoms and signs Suggestive of central anticholinergic overdose (con- 
fusion, memory disturbance, visual disturbances. hallucinations, delirium), however, hazards associated with 
physastigmine {i.e., induction of seizures} should be weighed against possible clinical benefit. 

DOSAGE AND ADMINISTRATION: Parenteral drug products should be inspected visually for particulate matter 
and discoloration prior to administration whenever solution and container permit. Do not use if solution is discol- 
ored y Contains a precipitate. 

intramuscular Injection: For designated indications as premedicant, usual iM dose of lorazepam is 0.05 mg/kg 
up to Maximum of 4 mg. As with all premedicants, individualize dose. (See also CLINICAL PHARMACOLOGY, WARN- 
INGS, PRECAUTIONS, and ADVERSE REACTIONS } Doses of other CNS depressants should ordinarily be reduced. 
(See PRECAUTIONS.) For optimum effect measured as lackof recall, administer lorazepam IM at least 2 hours 
before anticipated operative procedure. Administer narcotic analgesics at usual preoperative time. There are 
insufficient efficacy data to make dosage recommendations for IM lorazepam in patients under 18 years: therefore, 
Such use is not recommended. 

Intravenous Injection: For the primary purpose of sedation and relief of anxiety, usual recommended initial IV 
dose-of lorazepam is 2 mg total, or 0.02 mg Ib (0.044 mg/kg}, whichever is smalier. This dose wiil suffice for sedat- 
ing most adults, and should not ordinarily be exceeded in patients over 50 years. In patients in whom greater likeli- 
hood of lack of recall for perioperative events would be beneficial, larger doses —as high as 0.05 mg/kg up to total 
of 4 mg—may be given. (See CLINICAL PHARMACOLOGY, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS.) 
Doses of other injectable CNS depressants should ordinarily be reduced. (See PRECAUTIONS ) For optimum effect 
measured as lack of recall IV lorazepam should be administered 15-20 minutes before anticipated operative pro- 
cedure. EQUIPMENT NECESSARY TO MAINTAIN A PATENT AIRWAY SHOULD BE IMMEDIATELY AVAILABLE PRIOR TO 
IV USE OF LORAZEPAM (see WARNINGS). There are insulficient efficacy data to make dosage recommendations for 
IV lorazepam in patients under 18 years: therefore, such use is not recommended. 

Administration: When given IM, lorazepam injection, undiluted, should be injected deep in muscle mass. inject- 
able orazepam can be used with atropine sulfate, narcotic analgesics, other parenterally used analgesics, com- 
monly used anesthetics, and muscle relaxants, Immediately prior to IV use. lorazepam injection must be diluted 
with an equal volume of compatible sotution. When properly diluted the drug may be injected directly inte a vein or 
into the tubing of an existing IV infusion. Rate of injection should not exceed 2.0 mg per minute. Lorazepam injection 
is Compatible for dilution purposes with: Sterile Water for Injection, USP. Sodium Chioride injection, USP. 5% Dex- 
trose Injection, USP. 

HOW SUPPLIED: Ativan® (lorazepam) injection, Wyeth, is availabie in multipte-dose vials and in TUBEX® Sterite 
Cartridge-Needie Units. 

2 mg/ mi, NDC 0008-0581; 10 mi vial and 1 mi fill in 2 mi TUBEX. 

4 mgy mi NDC 0008-0570: 10 mt vial and 1 mi fill in 2 mi TUBEX. 

For iM or IV injection. 

Protect from light. Keep in refrigerator. 


Directions for Dilution for IV Use: To dilute. adhere to following procedure: For TUBEX —(1} Extrude entire 
amount of air in halt-filled TUBEX. (2) Stowly aspirate desired volume of diluent. (3) Pull back slightly on plunger to 
provide additional mixing space. (4) Immediately mix contents thoroughty by gently inverting TUBEX repeatedly 
until homogenous Solution results, Da not shake vigorously, as this will result in air entrapment. For Vial ~Aspirate 
desired amount of lorazepam injection into syringe. Then proceed as described under TUBEX. 


Wyeth Laboratories 


Philadelphia. PA 19101 


C13117-1 7731/80 

















Versatile Ohio Monitors give you a number 
of ways to view your patient. 
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Add an optional annotating recorder to 
your Ohio ECG/BP Monitor, and record 
both alphanumeric and waveform data 
permanently for more detailed analysis 








ü ihe Xylocaine name is your assurance of 
Quality and effectiveness. 









A sterile, disposable, 

prefilled syringe and cannula kit 
for convenient laryngotracheal 
anesthesia prior to intubation, 
diagnosis, surgery. 


KI 


$ 25% more drug than other kits“ 


















i ® contains 5ml Xylocaine" lidocaine HC) 4% Solution 
to allow for greater range of dosage determination n 
S Calibrated barrel `N 





® marked in 1/2 ml increments to aid in 
proper dose determination and accuracy of 
drug delivery 

p Prefilled syringe 

j s totally sterile and self-contained 
® no vial fo insert, no risk of contamination 


Hub guard 
è a simple twist é 


quickly activates 





in Safety strap 
x i e an extra precaution 
against inadvertent 
* cannula. 
disengagement 


the syringe and | 
-7 readies the unit i 
J for attachment 

of cannula or 


os 
p 


= _ Separate syringe unit 

: _edtéts you choose either intraoral or 
DA -_transtracheal routes of administration 
at your discretion 


Cannula 


® anatomically curved to facilitate 
introduction into larynx and trachea. 


* easily attaches to syringe, virtually 
no assembly time 


“Although absorption of lidocaine from respiratory mucosa 
varies widely among individuals, blood concentrations 
achieved by this route can rise to levels comparable to 
those reached by similar doses infused intravenously, and 
in some cases almost as rapidly’? 


REFERENCES 

1. Bromage P: Concentrations of lidocaine in the blood 
after intravenous and endotracheal administration. 
Anaesthesia, 16:461, 1961. 

2. Chu S$: Plasma concentration of lidocaine after endotra- 
cheal spray. Anesth. Anaig., 54:438, 1975. 

3. Pelton D: Plasma lidocaine concentrations following 
topical aerosol application to the trachea and bronchi. 
Canad. Anaesth. Soc. J., 17:250, 1970. : 


p VIA A ® | Astra Pharmaceutical Products, Inc. 
AN : PA Worcester, Massachusetts 01606 ; j 


$o firmly secures 
needle or cannula 
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Xylocaine” | 
(lidocaine hydrochloride 


4% Sterile Solution 


Before prescribing of administering, please consult complete product infor- 
mation, o summary of which follows: 


CONTRAINDICATIONS: Lidocaine hydrochloride storie solution is contraindl- 
cated in patients with a known history of hypersensitivity either fo local anes- 
thetics of the amide type or to other components of the sterila solution. 


PRECAUTIONS: The safety and effectiveness of lidocaine hydrochloride 
depand on proper dosage. correct technique, Po ar precautions, and 
readiness for emergencies. Standard textbooks d be consulted for spe- 
cific techniques and precautions for various anesthetic procedures. 


The lowest gonge that results In effective anesthesia should be used. Injec- 
tion of repeated doses of lidocalne hydrochloride may cause significan 
increases In blood levels with each repeated dose due to slow accumula- 
tion of the ng or its metabolites, Terrance vares with the status of the 
patient. Debilltated, elderly patients, acutely Hl patients, and children 
should be given reduced doses commensurate with their age and physical 
status. Lidocaine hydrochionde should also be used with caution in patients 
with severe shock or heart block. ' 


As with all injections of focal anesthetics, retrobulbar injection should always 
be made slowly and with frequent aspirations. f 


Solutions to which a vasoconstinctor has been added shouid be used with 
cautlon in the presence of diseases which may adversely affect the patient's 
cardiovascular system. Serious cardiac arrhythmias may occur if preparer 
tions containing a vasoconstrictor are employed In patients during or 
following the administration of chloroform, halothane, cyclopropane. trien- 
lovethylene, or other related agents. 


Lidocaine hydrochioride should be used with caution in persons with known 
drug sensitivities. Patients allergic to para-aminobenzoikc acid derivatives 
Wao aes: benzocaine, etc.) have not shown cross sensitivity to 
f ocaine HCI. 


Local onesthetics react with certain metals ond cause the release of ihelr 
respective ions which. H injected, may cause severe local irritation. Ade- 
quate precaution should be token to avoid this type of interaction. 


The sofety of amide local anesthetics in patients with malignant hyperther- 
mia has not been assessed, and therefore, those agents should be used with 
caution in such patients 


Drowsiness following lidocaine hydrochloride injection is usuy an eary indi- 
` cation of o high blood level of the drug and may occur following Inadver- 
tant intravascular administratlon or raped absorption of lidocaine. 


' ADVERSE REACTIONS: Adverse reactions may result from nigh sma levels 
due to excessive dosage, rapid absorption or inadvertent Intravascular 
Injection. Such reactions are systemic in nature and involve the central re- 
yous system and ‘or the cardiovascutkar system. A small number of reactions 
may result from hypersensitivity, idiosyncrasy or diminished tolerance on the 
part of the patient. 


CNS reoctions are excitatory and/or depressant, and may be characterized 
by nervousness, dizziness, blurred vision and tremors. followed by drowsiness. 
convulsions, unconsciousness and possibly respiratory arrest. The excitatory 
reactions may be very brief or may not occur aft ail, in which case the first 
manifestations of foxicity may be drowsiness, merging Into unconsciousness 
and respiratory arrest. 


Toxic carclovascular reactions to local anesthetics are usually depressant In 
nature and are characterlzed by hypotension, myocardial depression, bier- 
dycardla and possibly cardiac arrest. 


Treatment of a patient with toxic manifestations consists of assuring and 
maintaining a patent alway, supporting ventilation with oxygen, and 
assisted or controlled ventilation (rasplration) as required. This usually will be 
sufficient in the management of most reactions. Should a convulsion persist 
despite venttation therapy. small increments of anticonvulsive agents may 
be given intravenously. Examples of such agents Include benzociazenine 
(8:0. diazepam}, ultrashort acting barbiturates (8.g.. thiopental or thiarny- 
D of a short acting barbiturate (6.g., pentobarbital or sacobarbital). Cex- 
diovascular depression may require circulatory assistance with intravenous 
noos and/or vasopressors (e.g... ephedrine) as dictated by the clinical sifuc- 
On. 


Allergic reactions may occur as a result of sensitivity either to local anesthet- 
ics of fo other components of the sterile solution, Anaphylactold type symp- 
tomatology and reactions, characterlzed by cutaneous lesions, urticaria, 
eden, Id be managed by conventional means. The detection of 
potential sensitivity by skin testing bs of limited value. 


HOW SUPPLIED: Xylocaine (lidocaine hydrochloride) 4% Sterile Solution: 
Sm ampule, package of 10; 5 mi prefilied sterte disposable syringe. 


ASTRA 


Astra Pharmaceutical Products, Inc. 
Worcester, Massachusetts 01606 
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LA.R.S. , 
REVIEW COURSE x 
LECTURES AVAILABLE 


1980-1981-1982 


( ) 1980— (54th Congress)—16 Review 
Course Lectures—plus 
Abstracts of 62 scientific papers 
given at that meeting—$5.00 


( ) 1981—(55th Congress)—-15 Review 
Course Lectures—$5.00 


( ) 1982—(56th Congress)——14 Review 
Course Lectures—$5.00 


To: International Anesthesia 
Research Society 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Please send Lecture Booklets checked 


above, at $5.00 per copy. 


My check, payable to I.A.R.S. in the 
amount of $ is enclosed. 


(Name) 


(Mail Address) 


(City, State, Zip) 


SIEMENS 


The Servo Ventilator System has de- = 
veloped around the concept of what is 
best for the patient. 


We are pleased to make available two 
new Patient Communication Aids. 


The Patients ABSee®. 50 plastic cards 
usable by patients who cannot verbally 
communicate, but are otherwise alert to 
their surroundings. Each card is indepen- 
dent and the set can be adapted to the 
individual need of the patient. 


“i Am Breathing Through a Ventilator”. 
A dramatic representation, filmed through 
the eyes and mind of a patient, who 
wakes up in a hospital following an acci- SIEMENS-ELEMA 
dent. The film is available on request to fet ee ray abe 
hospitals and other recognized patient alga SOOMES OY, (Ove yee, 
pie groups. All intensive care Aa surgical Minois OO TONG Ae) poet ae 


. For countries outside U.S.: 
personnel should see it. Siemens-Elema AB, Ventilator Division, 


S-17195 Solna, Sweden 


Please send me information about 


O The Limitless Servo Ventilator System 
O The Patient's ABSee 
O “lam breathing through a ventilator’ 


O Contact me 
Name . 

Position —— 
Hospital _—— 
AOGTeSs. 





The Limitless Servo Ventilator System 





THE CANADIAN ANAESTHETISTS’ SOCIETY 
LA SOCIETE CANADIENNE DES ANESTHESISTES 


ANNUAL MEETING — REUNION ANNUELLE 
LE CHATEAU FRONTENAC, QUEBEC, P.O. 
MAY 22-26, 1982 du 22 au 26 mai, 1982 


YOUR SCIENTIFIC PLEASURE VOTRE PLAISIR INTELLECTUEL 


SUNDAY DIMANCHE 
14 Refresher Courses 14 cours de mise à jour 
MONDAY LUNDI 
PANEL: Neuro-anaesthesia TABLE RONDE: Neuro-anesthésie 
Dr. David Trop Dr. David Trop 
The Residents Competition Le concours des résidents 
TUESDAY MARDI 
C.A.S. — Royal College S.C.A. — Conférence annuelle 
Lecturer Collège Royal 
Dr. Ronald Melzack Dr. Ronald Melzack 

“Current Concept of Pain” “Conception actuelle de la douleur” 
WEDNESDAY MERCREDI 
PANEL: Obstetrical TABLE RONDE: Anesthésie 
Anaesthesia Obstétricale 
Dr. R. Palahniuk | Dr. R. Palahniuk 
PLUS PLUS 
The scientific papers that you will Les travaux libres que vous nous 
submit before the deadline soumettrez avant l'échéance 


For details write: THE HONORARY SECRETARY, CANADIAN ANAESTHETISTS’ SOCIETY 
178 St. George Street, Toronto, Ontario, Canada M5R 2M7 





1.A.R.S. MEMBERSHIP 


Ny For Your In-training and Continuing Medical Education 


The Internationa! Anesthesia Research Society is a non-profit, scientific and educational corporation of the State of 
Ohio founded in 1922 “To Foster Progress and Research in Anesthesia.” To this end it performs two functions: (1) 
Publication of a monthly journal, ANESTHESIA and ANALGESIA; and (2) Sponsorship of annual scientific 
“Congress” meetings which meet the criteria for Category I credit toward the AMA Physicians Recognition Award. 





Membership in the IARS is voluntary; it is also separate and distinct from membership in any other local, state or 
national anesthesia organizations. 


MEMBERSHIP - ASSOCIATE MEMBERSHIP 


MEMBERSHIP is open to individuals with doctorate degrees, licensed to practice in the medical, dental, osteopathic or 
veterinary medicine professions (i.e, MD, MB, DDS, DMD, DO, DMV); and to individuals with doctorate degrees 
(Ph.D.) in any scientific discipline, engaged in academic, private or commercial research. 


ASSOCIATE MEMBERSHIP is open to individuals in the allied health professions, duly certified by their professional 
accrediting organization as nurse anesthetists (CRNA), respiratory therapists (RRT), or respiratory technicians (CRTT); 
and individuals completing accredited training programs as physician assistants-anesthesia, physician associates in 
anesthesiology, or as anesthesiologist’s assistants. 


DUES are $35 per year for U.S. Members and Associate Members, ($40 for all others) and include a subscription to 
ANESTHESIA and ANALGESIA. Members are also entitled to reduced registration fee at [ARS annual scientific 
meetings. 


EDUCATIONAL MEMBERSHIP 


EDUCATIONAL MEMBERSHIP is open to residents and fellows (interns) enrolled in anesthesiology training programs; 
registered nurses enrolled in nurse anesthesia schools: students enrolled in programs leading to certification as 
physician (anesthesiologist) assistants (associates); or students enrolled in respiratory therapist or technician training 
programs. 


The official Education Membership blank must be certified by the applicant's training program director. 


DUES are $35 for a two-year period, or $52 for a three-year period, and include a subscription to ANESTHESIA and 


ANALGESIA for a corresponding period. Educational Members are entitled to complimentary registration at [ARS 
annual scientific meetings. 


Application forms for Membership are available upon request to the Cleveland business office per application form 
below, 





International Anesthesia Research Society 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122, U.S.A. 


Please send me application for: (——) Membership 
(_._.) Associate Membership 
(csc) Educational Membership 


$ 


(——) Please send —___._t Educational Membership applications for students in anesthesia training. 


(Name) 


(City, State, Zip) 


{+7 s 


Hulotiiuine U.S.P. 


Time Proven 














HALOTHANE — THE WORLD'S STANDARD 


«Experience: thousands of publica- 
tions, millions of administrations. 


e Consistency: no surprises in the OR 
orrecovery room. 





¢ Cost: a fraction of the cost of enflurane 
or isoflurane. 


HALOCARBON — AN INDUSTRY LEADER 


«Experience: first manufacturer of 
fluorinated anesthetics in the U.S. 


Consistency: pioneered in the 
manufacture of the consistently pur- 


ree ere ” 

est anesthetic in the world. = = ONE Thyme 
R iH ALATI ION ; 
* Cost: the lowest price schedule of See ANESTHESIA 


Me, Accompanying Literatures 
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tangy SOO RATORIES, INC. 





HALOCARBON Vhen equezed, bo 


comes with collar. 
LABORATORIES, INC. 
82 Burlews Court 
Hackensack, N.J. 07601 
(201) 343-8703 
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Introducing a | 
new anesthetic technique: 4 


This new technique—pre-intubation analgesic loading— 

involves administering enough SU BLIMAZE° (fentany |) 

prior to intubation to last generally the length of the 

procedure. Pre-intubation upfront loading employs the 

pharmacokinetic properties of SUBLIMAZE* (fentanyl) to 

best advantage compared with p.r.n. use or administration 

of the drug incrementally throughout the procedure. 5 





For further information and g general g guidelines s on pre-intubation analg esic lo ading with SUBLIMAZI (fentanyl), » 
| 
ple ise contact vour Janssen repres sent: itive or write Janssen Pharmaceutic a 





JANSSEN 


"sii PHARMACEUTICA 


_ Pre-intubation analgesic 


„a loading with 
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(P 24,54 
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Sublimaze 


fentanyl) Injection € 


1. Provides maximum 
protection just prior to 
anesthetic and surgical stress 


Upfront loading immediately before 
intubation puts the maximum amount of 
SUBLIMAZE (fentanyl) on board just 

prior to laryngoscopy, intubation and 
Incision, the stimuli responsible for maximum 
stress. (SUBLIMAZE helps attenuate rises 

in blood pressure and pulse rate.) 


pA Eliminates 
“chasing the patient” 


This new technique helps prevent sympathetic 
breakthrough and all the problems that stem 
from “chasing the patient?” 


3. Permits most patients 


to breathe spontaneously 
at completion of surgery* 


4, Reduces need for 
postoperative narcotics 


Postoperatively, residual plasma and tissue 
levels provide sufficient analgesia to minimize 
the need for additional narcotics. 





ng/ml of Plasma 


10 





Pharmacokinetics of a single LV. dose 
of 6.4 ug/kg fentanyl base in man’ 


© 
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0 | 2 3 4 5 6 7 8 
Hours after injection 

Slightly depressed spontaneous respiration below 1.5 ng/ ml: normal 

respiration below 0.7ng/mi. 


*Note: Respiratory depression may last longer than analgesic action 





and this risk increases with increasing doses. 


MeClain DA and Hug CC, Jr.: Intravenous fentanyl kinetics. Clin 
Pharmacol Ther 28(1): 106-114. 1980. 


Please see brief summary 
ot Prescribine Information 


(fentanyl) Injection € 


Protect fram light. Store at room temperature. 


Before prescribing. please consult complete prescribing information. of which the following is a brief summary 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 

DESCRIPTION 

Each mi. contains: 

Fentanyl) 66... sare a Ma fas a e at Alte a Nace aR ds, taeda ..........00 meg. (0.05 mg_} as the citrate 
Warning: May be habit forming. 

Sodium hydroxide for adjustment of pH to 4.0-7.5. 


CONTRAINDICATIONS 
SUBLIMAZE (fentanyi) is contraindicated in patients with known intolerance to the drug. 


WARNINGS 

AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE RECEIVED SUBLIMAZE (fentany!} SHOULD HAVE 
APPROPRIATE SURVEILLANCE. 

RESUSCITATION EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE READILY AVAILABLE TO MANAGE APNEA. 
See also discussion of narcotic antagonists in Precautions and Overdosage. 


if SUBLIMAZE {fentany!) is administered with a tranquilizer such as /NAPSINE (droperidol), the user shouid familiarize 
himself with the special properties of each drug, particularly the widely differing duration of action. in addition, when 
Such a combination is used, fluids and other countermeasures to manage hypotension should be available. 

As with other potent narcotics, the respiratory depressant effect of SUBLIMAZE (fentanyl) may persist longer than the 
measured analgesic effect. The total dose of ali narcotic analgesics administered should be considered by the 
practitioner before ordering narcotic analgesics during recovery from anesthesia. It is recommended that narcotics, 
when required, should be used in reduced doses initially, as low as Va to 13 those usually recommended. SUBLIMAZE 
(fentanyl) may cause muscle rigidity, particularly involving the muscles of respiration. The effect is related to the speed 
of injection and its incidence can be reduced by the use of slow intravenous injection. Once the effect occurs, itis 
managed by the use of assisted or controlled respiration and. if necessary. by a neuromuscular biecking agent 
compatible with the patient's condition. Where moderate or high doses are used (above 10 meg. ikg), there must be 
adequate facilities for postoperative observation, and ventilation if necessary, of patients who have received 
SUBLIMAZE {fentanyl}. It is essential that these facilities be fully equipped to handle ali degrees of respiratory 
depression. 

Drug Dependence—SUBLIMAZE (fentany!} can produce drug dependence of the morphine type and. therefore. has 
the potential for being abused. 

Severe and unpredictable potentiation by MAO inhibitors has been reported with narcotic analgesics. Since the safety 
of fentany! in this regard has not been established, the use of SUBLIMAZE (fentanyl) in patients who have received MAO 
inhibitors within 14 days is not recommended. 

Head Injuries and Increased intracranial Pressure—SUB(IMAZE (fentany!) shouid be used with caution in patients 
who may be particularly susceptible to respiratory depression. such as comatose patients wha may have a head injury 
or brain tumor. In addition SUBLIMAZE (fentanyl) may obscure the clinical course of patients with head injury. 
Usage in Children—The safety of SUBLIMAZE (fentanyl) in children younger than two years of age has not been 
established, 


Usage in Pregnancy The safe use of SUBLIMAZE (fentanyl) has not been established with respect to possible 
adverse effects upon fetal development. Therefore. it shouid be used in women of childbearing potential oniy when, in 
the judgment of the physician, the potential benefits outweigh the possible hazards. There are insufficient data 
regarding placental transfer and fetal effects: therefore, safety for the infant in obstetrics has not been established, 


PRECAUTIONS 

The initial dose of SUBLIMAZE {fentanyl} should be appropriately reduced in elderly and debilitated patients. The effect 
of the initial dose should be considered in determining incremental doses. Nitrous oxide has been reported to produce 
cardiovascular depression when given with higher doses of fentanyl. 

Certain forms of conduction anesthesia, such as spinal anesthesia and some peridural anesthetics. can alter 
respiration by blocking intercostal nerves. Through other mechanisms SUBLIMAZE (fentany!} can aiso alter respira- 
tion, Therefore, when SUBLIMAZE (fentany!) is used to supplement these forms of anesthesia. the anesthetist should 
be familiar with the physiological alterations involved, and be prepared to manage them in the patents selected for 
these forms of anesthesia. 

When used with a tranquilizer such as INAPSINE (droperidol), blood pressure may be altered and hypotension can 
occur. 


Vital signs should be monitored routinely. 

SUBLIMAZE (fentany!} shouid be usec with caution in patients with chronic obstructive pulmonary disease, patients 
with decreased respiratory reserve, and others with potentially compromised respiration. In such patients, narcotics 
may additionally decrease respiratory drive and increase airway resistance. During anesthesia, this can be managed by 
assisted or controlled respiration. Respiratory depression caused by narcotic analgesics can be reversed by narcotic 
antagonists. Appropriate surveillance should be riaintained because the duration of respiratory depression of duses of 
fentany! employed during anesthesia may be longer than the duration of the narcotic antagonist action. Consult 
individual prescribing information (levaliorphan, nalorphine and naloxone) before employing narcotic antagonists. 
When a tranquilizer such as INAPSINE (droperidol) is used with SUBLIMAZE (fentany!} pulmonary arterial pressure 
may be decreased. This fact should be considered by those who conduct diagnostic and surgical procedures where 
interpretation of pulmonary arterial pressure measurements might determine final management of the patient. When 
high dose or anesthetic dosages of SUBLIMAZE (fentanyl) are employed, even relatively small dosages of diazepam 
May Cause cardiovascular depression. , 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and genera! anesthetics} will have additive or 
potentiating effects with SUBLIMAZE {fentanyl}. When patients have received such drugs, the dose of SUBLIMAZE 
(fentanyl) required will be less than usual. Likewise, following the administration of SUBLIMAZE (fentanyl), the dose of 
other CNS depressant drugs should be reduced. 

SUBLIMAZE (fentany!} should be administered with caution to patients with liver and kidney dysfunction because of the 
importance of these organs in the metabolism and excretion of drugs. 

SUBLIMAZE (fentany!) may produce bradycardia, which may be treated with atropine: however, SUBLIMAZE (fentany!) 
should be used with caution in patients with cardiac bradyarrhythmias. 

When SUBLIMAZE (fentanyl) is used with a tranquilizer such as INAPSINE (droperidol) hypotension can occur. #f this 
occurs, the possibility of hypovolemia should also be considered and managed with appropriate parenteral fluid 
therapy. Repositioning the patient to improve venous return to the heart should be considered when operative 
conditions permit. Care should be exercised in moving and positioning of patients because of the possibility of 
orthostatic hypotension. If volume expansion with fluids plus other countermeasures do not correct hypotension, the 
administration of pressor agents other than epinephrine should be considered. Because of the alpha-adrenergic 
blocking action of INAPSINE (dropendol), epinephrine may paradoxically decrease the blood pressure in patients 
treated with INAPSINE (droperidol). 

When INAPSINE (droperidol) is used with SUBLIMAZE (fentanyl) and the EEG is used for postoperative monitoring, it 
may be found that the EEG pattern returns to normal slowly. 


ADVERSE REACTIONS 

As with other narcotic analgesics, the most common serious adverse reactions reported to occur with SUBLIMAZE 
(fentany!} are respiratory depression. apnea. muscular rigidity, and bradycardia: if these remain untreated, respiratory 
arrest, circulatory depression or cardiac arrest could occur Other adverse reactions that have been reported are 
hypotension, dizziness, blurred vision, nausea, emesis. jaryngospasm, and diaphoresis. 

it has been reported that.secondary rebound respiratory depression may occasionally occur postoperatively. Patients 
should be monitored for this possibility and appropriate countermeasures taken as necessary. 

When a tranquilizer such as (NAPSINE {droperidol} is used with SUBLIMAZE (fentanyl), the following adverse reactions 
can occur: chills and/or shivering, restlessness, and postoperative hallucinatory episodes (sometimes associated with 
transient periods of mental depression), extrapyramidal symptoms (dystonia, akathisia, and oculogyric crisis} have 
been observed up to 24 hours postoperatively. When they occur, extrapyramidal symptoms can usually be controlled 


with anti-parkinsen agents. Postoperative drowsiness is also frequently reported following the use of INAPSINE 
(droneridal), 





Elevated blood pressure, with and without pre-existing hypertension, has been reported following administration of 
SUBLIMAZE (fentanyl) combined with WWAPSINE (droperidol). This might be due to unexplained alterations in 
sympathetic activity following large doses: however, it is aise frequently attributed to anesthetic and surgical 
stimulation during light anesthesia. 


DOSAGE AND ADMINISTRATION SO Meas OSIM eeF iL: 


Dasage should be individualized. Some of the factors to be considered in determining the dose are age. body weight, 
physical status, underlying pathological condition. use of other drugs, type of anesthesia to be used, and the surgical 
procedure involved. 

Vital signs should be monitored routinely. 

i.  Premedication-—Premedication {to be appropriately modified in the elderly, debilitated, and those who have 
received other depressant drugs}—50 to 100 meg. (0.05 to 0.1 mgt to 2 mij may be administered 
imtramuscularly 30 to 60 minutes prior to surgery. 

ll. Adjunct to General Anesthesia—See Dosage Range Chart 

i. Adjunct te Regional Anesthesia—50 to 100 meg. (0.05 to 9.4 mg.H1 to 2 mi.) may be acministered 
intramuscularly of Slowly intravenously, over one to two minutes, when additional analgesia is required. 

IV Postoperatively (recovery room}—-50 to 100 mcg. (0.05 to 0.1 ma.}(1 to 2 mi} may be administered 
intramuscularly for the controi of pain, tachypnea and emergence delirium. The dose may be repeated in one to 
two hours as needed. 

Usual Children's Dosage: For induction and maintenance in children 2 to 12 years of age, a reduced dose as low as 20 

te 30 meg. (0.02 te 0.03 mg. {0.4 ta 0.6 mi} per 20 to 25 pounds is recommended. 


DOSAGE RANGE CHART 


TOTAL DOSAGE 
Low dose——2 mcg. /kg. (002 mg.kg.) (04 miko.) SUBLIMAZE * injection. Fentanyl in smali doses is most 
useful for minor, but painful, surgical procedures. In addition to the analgesia during surgery, fentany! may also 
provide some pain relief in the immediate postoperative period. Maintenance: Additional dosages of 
SUBLIMAZE® injection are infrequently needed in these minor procedures. 

Moderate dose—2-20 meg. ’«g. (.002-.02 mg.kg.}{.04-0.4 mizka) SUBLIMAZE® injection. Where sur- 
gery becomes more major, a larger dose is required. With this dose. in addition to adequate anaigesia, one 
would expect to see some abolition of the stress response. However, respiratory depression will be such that 
artificial ventilation during anesthesia is necessary, and careful observation of ventilation postoperatively is 
essential. Maintenance: 25 to 100 mcg. (0.025 to 0.1 mg.}(0.5 to 2.0 mi.) may be administered intravenously 
or intramuscularly when movement and/or changes in vital signs indicate surgical stress or lightening of 
anaigesia. 

High dase—-20-50 meg. ikg. (.02-.05 mg. kg. }(0.46-1 mi. kg.) SUBLIMAZE* injection. During open heart 
surgery and certain more complicated neurosurgical and orthopedic procedures where surgery i more 
proionged, and in the opinion of the anesthesiologist, the stress response to surgery would be detrimental to 
ihe weil being of the patient, dosages of 20-50 mcg. kg. (.02-.05 mg. }(0.4-1 mi.) of SUBLIMAZE” injection 
with nitrous oxide oxygen have been shown to attenuate the stress response as defined by increased jevels of 
circulating growth hormone, catecholamine, ADH, and prolactin. 

When dosages in this range have been used during surgery, postoperative ventilation and observation are 
essential dug to extended postoperative respiratory depression. 

The main objective of this technique wouid be to produce “stress free” anesthesia. Maintenance: Maintenance 
dosage (ranging from 25 meg. (.025 mg.}(0.5 mi.) to one half the initial loading dose) will be dictated by the 
changes in vital signs which indicate stress and lightening of anaigesia. However, the additional dosage 
selected must be individualized especially if the anticipated remaining operative time 1s short. 


As a General Anesthetic 

When attenuation of the responses to surgical stress is especially important, doses of 50 to 100 meg. ’kg (05 to 0.4 
mg/kg. Hito? mi./kg.j may be administered with oxygen and a muscle relaxant. This technique has been reported to 
provide anesthesia without the use of additional anesthetic agents. In certain cases, doses up to 150 meg. kg. (.15 
mg.kg. H3 mi. kg.) may be necessary to produce this anesthetic effect. It has been used for open heart surgery and 
certain other major surgical procedures in patients for whom protection of the myocardium from excess oxygen 
demand is particularly indicated, and for certain complicated neurological and orthopedic procedures. 

As noted above, it is essential that qualified personne! and adequate facilities be available for the management of 
respiratory depression, 

See Warnings and Precautions for use of SUBLIMAZE {fentany!} with other CNS depressants, and in patients with 
altered response. 


OVERDOSAGE l 
Manifestations: The manifestations of SUBLIMAZE (fentanyl) overdosage are an extension of its pharmacologic 
actions. 


Weatment: in the presence of hypoventilation or apnea, oxygen should be administered and respiration should be 
assisted or controlled as indicated. A patent airway must be maintained: and oropharyngeal airway or endotracheal 
tube maght be indicated. If depressed respiration is associated with muscular rigidity, an intravenous neuromuscular 
blocking agent might be required to facilitate assisted or controlled respiration. The patient should be carefully 
observed for 24 hours: body warmth and adequate fluid intake shouid be maintained. If hypotension occurs and is 
Severe Of persists, the possibility of hypovolemia should be considered and managed with appropriate parenteral fluid 
therapy. A specific narcotic antagonist such as nalorphine, levatiorphan, or naloxone should be available for use as 
indicated to manage respiratory depression. This does not preciude the use of more immediate countermeasures. The 
duration of respiratory depression following overdosage of fentany! may be longer than the duration of narcotic 
antacamst action. Consult the package insert of the individual narcotic antagonists for details about use. 


HOW SUPPLIED 
mi and S mi. ampoules—packages of 10. 


NOC 50458-030-02 NDE 50458-030-05 




























March, 1980. Revised June. 1980 January 1981 
U.S. Patent No 3, 164 600 


t0 mi. and 20 mi. ampoules——packages of 5. 

HDC 50458-030-10 NOC 50458-030-20 

{For intravenous use by hospital personnel 
specifically trained in the use of narcotic analgesics} 
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On site without Delay. . . 


The Foregger Life-Lyte™ Analyzer provides and cleaning the pumps and tubing found in 
mmediate accurate patient data. .. When and other designs. 

where you need them. Whole blood, serum or plasma 

n undiluted samples can be analyzed by this For a demonstration or additional information 
versatile unit. Life-Lyte’s'™ innovative ‘“‘direct-dip”’ on how the Foregger Life-Lyte™ Analyzer System 
on-selective electrode technology is simple, efficient can help you more effectively monitor and control 
and fast (less than 60 seconds response). The ad- your patient, contact your local Puritan-Bennett/ 
vanced use of ion-selective electrode technology Foregger Representative or Dealer. 

permits the analyzer to be used in cardiac, trans- 

fusion, trauma, ICU and OR settings to provide 

vital information needed to help evaluate your Puritan-Bennett Corporation 
patient’s condition without delay. “Direct-dip” >| FOREGGER | foegger Medical Division 


technology is free of the problems of maintaining ill Langhorne, PA 19047 
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For one of 
medicine’s most 
demanding skills... 
one of medicine's 
most dependable 


agents 





nflurane 


precise control...stability of heart rhythm.. 
reduced relaxant requirement... prompt, smooth recovery 
.. Organ toxicity rare or nonexistent 


Ethrane 


(enflurane) 
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URIO Medical Anesthetics 





Hthr gne enflurane 


CAUTION Federat Law Prohibits Dispensing withoul a Prescnption 


DESCRIPTION 


ETHRANE jenflurane} (2-chioro- +! cinfuorcethy! difiuaromethyl ethen (CMFAOCFACHECH is a nortiarnmatile nhatatar 
anesinenc agent The boing pom! ss S6S°C at 760 mm Hg and the vapor pressure imm Hgts 175 at aor’. 
438 at 25°C and 345 at 36°C Vapor pressures can be calculated using the equation 


opo = A+ GT A = 7967 
8 = -i6784 
T = °C + 279 16 Kelvin) 

The speohe graviy (25° /25°Chss 1517 The refractve index at 20°C e | 3006-t 030 The bined gas coeftmerd 
ig 1 YT at 37°C and the oigas coetiment e 985 at 37°C. 

Enflurane s a clear. colorless, stable quid whose purity exceeds 99 9 percent (area % by gas chvomatagraphy) 
No stabdzers are added as these have been found. through controled ighoratory tests, to be unnecessary even 
in ihe peesence of ultrawole! ight Enfurane s stable to strong base and dees nol decompose m contact with 
Soda ime and does fot react vath aksrmum. tm, brass. van of copper The partition coeficenis of anfurane at 
aS°C ate TAn canductve rubber and 12000 polyvinyl chionde 


CLINICAL PHARMACOLOGY 


ETHRANE (enfiurane} is an inhalation anesthe The MAC iminimum alveolar concentration) n mans } BB percent 
m Pure Oxygen, O57 in TO percent ratrous oxde-—~W percent orygen. and 117 in 30 percent nitrous pede- 70 
pegent Oxygen 

iituchon and recovery from anesthesia wih enfhuane are raped Enfturane has a mid. sweet ode Enfiurane 
May provede a mG stimulus to Salvation or nscheobronchial secrehoos Pharyngeal and laryngeal refiexes are 
ready obtunded The level of anesihesia Gan be changed rapidly by changing the sped enflurane concentration 
Enfiurane reduces ventilation as depth of anesthesia increases High PaQO? levels can be obtained at deeper 
levels of anesthesa f ventlahen is not supported Enflurane provokes a sgh response reminscent of that seen 
with chethy! ether 

Thete is a decease in blood pressure with induchon of anesthesia. fnlowed by a retum to near norma! with 
surgical stiemulation. Progressive increases in depth of anesthesia produce corresponding increases a: hypoteriawon 
Heart rate ramains relatively constant without significant bradycardia Clectrocarchographic monitanng of recordings 
nmhcate that carac mythm emans state Elevation of the carbon toane fevel in artenal bined does mot alter 
Carchas rhythm 

Shyches sf man indwate a considerable margin of safety sn the adminigtraion of epmephnine CONIATO SONONE 
dunng enflurane anesthesia Enflurane anesthesia has been used in excision of pheochromocytoma in man without 
ventncular arrhythmias On the bass of sludies n patents anesthetzed with enflurane and injected with epinephrine 
Conia SoluhoOns to acheve hemostasis a a nghy vascular area (rangssphencedal surgery), ds recommencted 
inal 2 recrogeams Der kilogram (2 agg) of epinephrine may be ryected subcutaneously aver a 10 renute period 
Ths may be repeated up to 3 times per hour 
Example: Up to 10 mi of | 100.000 epnephnne containing solution (10 ug‘) may be ected subcutaneously 
Over a 1D mmute period in a 50 kidogram patent paged to have orchnary tolerance to epinephnne admuustration 
No more than JG mi ot 1 100.000 epmephnne contaming solution (10 agimi; should be adrunstered to such a 
patent per hour The concomilant adrurstraton of idocaine enhances the safety of the use of epmenhine unng 
enfiurane anesthesia This etfect of idocane s dose relaled All customary precautions in the use of vaseconstnitor 
Suusiances should be observed 
Example Two: Alternatively, up to 20 mi of 1 200,000 epmephnine contasrung solution (5 agmi) may be substituted 
fon TO tre Of t 200.900 soliton m the above example 

Muscie relaxation may be adequate forintra- abdominal operation at normal levels of anesthesia Muscie selaxants 
may be used to acheve greater telaxation and all commonly used muscie relaxants are compatible with enfurane 
The NON DEPOLARIZING MUSCLE RELAXANTS ARE POTENTIATED in the normat 70 kg adult. 6 to 9 mg of d 
fbocwBene Of T to 1G mg of pancuromum will produce a 90 percent of greater depression of twitch heaght 
Neoshgrmne does nol reverse the direct effect of enflurane 

Ehotvansformation of enflurane in man results m low peak levels of serum fiuonde averaging t5 wi These 
levels are well below the SO MeL threshold levet which can produce mnnal renal damage m nomnal subjects 
However patents chroncaily ngesing somari or other hydrazine contarwng compounds may metabokze greater 
amounts of enfurane Although no signiicant renal dysfunction has been found thus far on such patents peak 
serum Ruonde levels can exceed 50 aMi. particularly when anesthesia goes beyond 2 MAC tours Depression 
Gt fymohocyte Lanstormaton does not follow prolonged enflurane anesthesia im man m the absence of Surgery 
Trus anfurane does not depress itis aspect af the immune response 

Enfurane 0.25 to 10 percent average 0.5 percent) provides anaigema equal to that produced tiy 30 te 60 
percent (average 4) percent) nious mide for vaginal delivery. Wah ether agent paternis reman awake. cooperative 
and cnented Maternal blood tosses ate comparable These cineal approaches produce normal Aggar scores 
Senal neurobehavioral testing of the newborn dunng the first 24 hours of ble reveals that neither enfurane nar 
miros Ode analgesia iS associated wath obvous neurobehawara! alterations Neither enfiurane nor trous oxide 
when used for obstetnca? anaigesa alters serum BUN, creatrune, unc aod of osmolality The ony oifference in 
the use of these two agents for abstetncal analgesia appears to be mgher inspwed Oxygen corcenyabor that 
may be used with enfurane 

Anaigebc doses of enflurane, up to approximately 1 percent, do not significantl, depress the fate or force of 
lenne Contractor during labor and delivery A slowing of the rate of utenne comracton and a Gunan of the 
Toros of ulenne contracten m note between the adrurstraton ol t and 2 percent deivered enflurane, concentrations 
Somewhere between 2 and 3 percent delivered enfiurane may aboush utenne contractions Enflurane dieplaces 
the myometnal response curve lo oxytocin so that at iewer concentrations of enflurane oxyfocin vedi restore uterine 
contractions. however, as the dase of enfivane progresses (somewhere between 14 and 3 percent deivered 
enfiurane) fhe sponse to Geyter s dimmshed and then abobshed Utesne Meeding may be nermased wher 
enfiurane is used in higher Concentratang for vaginal delivery or to faciitate delivery by Cesarean section. however, 
ths has not been demonstrated within the recommended dosage range isee DOSAGE AND ADMINISTRATION 
secon) Mean estimated blood loss n patients anesthetized for therapeutic abortion with | percent enfurane in 
7O percent rttous Gade with oxyger  approwmately twice thal noted lofowing therapeutic abonon perforned 
wilh ine use of a local anesthetic technique (46 mi versus A} mii 


INDICATIONS AND USAGE 


ETHRANE (enfutane) may De used for incuction and maintenance of Geers! anesinems Cnfurane may be used 
fo ponde anaigesia far vagina: delivery Low concentrahons of enflurane (see DOSAGE AND ADMINISTRA TION: 
may aiso be used to supplement other general anesthetc agents thinng deivery by Cesarean section Higher 
concentrabons of enflurane may produce ulenne relaxation and an crease m utanne bleeding 


CONTRAINDICATIONS 


Seizure disorders (see WARNINGS} 
Known sengitvity to ETHRANE (enflurane) or other halogenated anesihehcs 
Keown of suspected geneteg suscephiuity to malignant hyperthermia 


WARNINGS 


increasing depth of anesthesia with ETHRANE (enflurane} may produce a change in the aiectroennepnaiogram 
Charactenzed by hgh voltage. fast frequency. progressing through spke-dome complexes alternating with penods 
of siecincal sdence to trank seizure actusty The ister may or may not be assacated with motor movement Motor 
actively. when encountered, generally consists of twitching or “jerks” of varous muscle groups. dis selfimiting 
and can be terminated by lowering the anesthetic concentration Thus alectroencephalograpta: pattern associate 
wih deep anesthene S exacerbated by low artenal carbon donde tension A readuchon in ventilation and anesthetic 
concentrations usually sulhces to eliminate seue actwity Corebrat blood flow and metabotem studies i normal 
volunteers unmediately tollowing sezure aciaty show no evidence of cerebral hypoxia Mental function tasting 
does not reveal any impasment of performance toliowing prolonged enfiurane anesthesia associated with or not 
associated with serzure achvity 

Since levels of anesthesia may be altered easily and rapxity, only calibrated vaponzers which measure output 
wth reasonable accuracy shouid be used Hypotension and respwatory archange can gerve as a guide to depth 
ot énesthesia Deep levels of anesthesia may produce marked hypotension and respiratory depression 


PRECAUTIONS 


The achos of nondeptlanang reigsants i augmented by ETHRANE (enfiurane) Less than the usual amounts of 
these drugs should be used if the usua amounts of nondepoianzing relaxants are given, the tne for mcovery 
fom neuromuscular blockade wil be longer in the presence of enflurane than when halothane or mirous wode 
ath a balancent technique are usec 

Sromsuttaien (BSP) retenbor is sreiiy slevated postoperatively in some cases Ths may relate to the eltect of 
Surgery Groce orolonged anesinesia i5 tc 7 hours) in human volunteers does not result m BSP elevation There os 
some plevalon of glucase and wule mood count intranperatwely Ghicose elavahon should be considered in 
diabetic patenis Enfurane should be used with caution in patents who by virtue of medical or drug history could 
De Consdered mote Suscepubie to oorhcal stimulation produced by thre drug 

aS susCephiile mowiguels. enflurane anesthesia may ingger a skeletal muscle hypermetaboi: state leading to 
"Gh? Coren demand and the chca syndrome known as makonen hyperiherma The syndrome nchides nonspecitic 
features Such as Muscle ngpdity. tachycardia, lachypnea, cyarenes. arrhythrmas, and unstable blond pressure {it 
shoved aiso be noted that many of hese nonspecific signs may appear with light anesthesia, acute hypoma. etc 
The syndrome of mahgnart hypertherma secondary to enfkyane appears to be rare. by March 1080. 35 cases 
hac been reported in North Amerca for an approarnate mocience of 1/725.006 enfluane anesthetics } An increase 
n Overall metabohsm may be refiected m an elevated temperature (which may tse rapidly early or late w the 
CBSE. bul usually i$ nol the frst sign of augmented metabolism) and an increased usage of the COs absorphon 
sysiem (hot camster) PaOg anc pH may decrease, and hyperkaierva and a base debet may appear Treatment 
mees Chsconbivance of Inggerng agents ie g. enflurane), adrmeustaton of ravenous dantromne, and apoicalen 
of supportive therapy Such therapy includes vigorous efforts to restore body temperature to nornai, respiratory 
ard crculatory support as indicated, and management of electrolyte -fad-acid-base derangements Renai fadure 
may appear later. and urne flow should be sustained if possible 

Swiss ICR mace were given enfurane to determine whether such exposure mught mduce neoplasia Enfurane 
was given at 4. A. and ‘ge MAC for tour utero exposures and tor 24 exposures to the pups dunng the first 
moe weeks of pte The mice were kied at 15 months of age The momdence of tumore on these mute was the 
same as in unteated contol rece who were given the same background gases. but not the anesthetic 

Exposure af muce to 20 hours of 1 2 percent enflurane causes a smal (about 4 of 1%) but statistically signitcant 
Ase D Sperm abnormakbes in contrast to these resists. on wits approaches to the stutty of mausagenesis 
‘Ames tes! sister chromabd exchange test. and the Bazaguannine systemi have nol shown a mutagen: effect 
of aniurane 

Pregnancy Category B: 

Reproduction studies have Deen pertoemed in fals and rabits al doses up to tour times the numan dose and 
have revealed no eviience of epered farthty a: harm to the fetus due lo enflurane There ara. however aa 
adequate and wel contioled stakes mw pregnant women Because animal reproduction stuches are not aways 
preckchve of human response thes drug should be used during pregnancy only f clearly needed 


ADVERSE REACTIONS 


i Magnan hyperthenma 

é Motor actyily exempilied by movements of various muscie groups andror seuures may be encountered wilh 
Omen levels of ETHRANE fenfiurane) sresthesia, or ight levels with hypocapnia 

3 Hypotension and respwatory depression have heen reported 

4 Arhyihas. shivenng, nausea, and vonwing have been ponet 

5 Elevation of the white blood count has been observed 


OVERDOSAGE 


in the event of overdosage. the lallowing action shouid be taken 
Stop drug admunistahon, estabhsh a claar arway andinihate assisted or controlled venbiation with pure ox ygan 


DOSAGE AND ADMINISTRATION 


The concentraben of ETHRANE ienfuranej beng detvered trom a vaponzer dunng anesthesia shoud be krown 
Tug may be accomplished by using 

3) vaponzets calbrated specibcally ky enfiurane, 

D vaporzers fom which delivered flows can easily and readly De calculated 

Preeneathetic Medication: Preanesthetc medication should be selected according to the need of the individual 
pakent taking mo account that secrenons are weakly stimulated by eefiurane and that enfiurane does nol alter 
heart rate The use of antichoknergc drugs s a mater of chote 

Surgical Anesthesia: inaucton may be achieved using enflurane alone with Oxygen or ¢: Coronation with 
Gaygen nious Gade Mawes Under these conditions some excitement may be encountered 1 excitement to 
be avoded a hypnotc dose of a short-acting barbiturate should be used to induce unconsciousness. tofiewed 
Oy Ihe enflurane mature in general nspred concentrations of 20-45 percent enfiurane prodixe sircpcal anesthesia 
i T 10 menytes 

Surgical levels of anesthesa may be mamtamed wth 05% percent enfiuane Mamtenance concentrabans 
should not exceed 3 percent i added relaxation is required. supplemental doses of muscle réiaxants mey Ot 
usec Verttation to mamta the tension of carbon dioxide m arterial blood on the 35-45 mm Hg range s preferred 
Hyperventaancn shoukl be avoderdt on order lo rurmze posse ONS excitation 

The ievel of blood pressure during mamtenance is an inverse funchon of enflurane concentrabon in the atwence 
Of aiher compicaing protiems Excessve decreases (unless related tc hypovolemia! may be due to gerih of 
anesthesia and in such instances should be corrected by ightanng the level of anesthesia 

Analgesia: Enfurane 0 25 to 10 percent provides anaigema for vaginal delivery equal to tha! produced by 30 
to SG percent mirous oxwie These concentrations normally de not orockuce amnesia See also the mlormnapon on 
the effects of enflwane on ulenne contrackan contamed in the CUMICAL PHARMACOLOGY secton 

Cessreen Section: Enfurane shoud ordinarily be admrursstered in the concentration range of 05 to 10 percent 
fo Supplement other general anesthetics See also the information on the affects of enfurane on ulenne contraction 
cantamed m the CLINICA, PHARMACOLOGY sechor 
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ETHRANE tenflurane} is packaged in 125 and 250 mi amber-coiored bottles 
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(enflurane ) safety 
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A Dansion of Airco Inc 
2005 West Beltline Highway. Madison, Wisconsin 53713 
BOS-201-1551 TELEX 910-286-2792 





Physio-Control announces 
a clearly superior answer 
to monitoring during 
electrosurgery. 


The photo above was taken during routine 
electrosurgery. The clear trace is made possible by 
our new electrosurgical filter (ESF)—now available 
as an option for the Physio-Control VSM™ 1 Vital 
Signs Monitor. With the new ESF module, there is 
almost no perceptable degradation of ECG wave 
forms even at high power settings. Seeing is 
believing, of course, but we are confident that our 
new ESF module is clearly superior to any other 
filter on the market. For a demonstration, contact 
your nearest Physio-Control representative. 


The VSM 1 Vital Signs Monitor from Physio-Control. 


Physio-Control Corporation + Cardiovascular Division + 11811 Willows Road + Redmond, Washington 98052 USA - (206) 881-4000 
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(bupivacaine HCI 1:200,000 


Please consult full prescribiag tnformation before prascritiog. A summary fottows: 
indications. Peripheral nerve block, infiltration, sympathetic block, caudal, or ephdural block. 
Cootraindication. Marcaine is contraindicated In patients with known hypersensitivity to it. 
Wa , RESUSCITATIVE EQUIPMENT AND DRUGS SHOULD BE READILY AVAILABLE 
WHEN ANY LOCAL ANESTHETIC IS USED. 

Usage in Pregnancy The relevance to the human is not known. Safe use in pregnant 
women other than those in labor has not been established. 

Until further cica experiance is galned, paracervical block with Marcaine is not 
recommended. Fetal bradycardia fraquentty follows paracervical block with some amide- 


type local anesthetics and may be associated with fetal acidosis. Added risk appears to be | 


present in prematurity, toxemia of pregnancy, and fatal distress. 


The obstetrician is warned that severe persistent hypartension may occur aftes adminis- . 
have already been used during labor (e.9.,_ 


nephrine, should — 


tration of certain oxytocic drugs, if 
in the local anesthetic solution or to correct hypotenston). 

Solutions containing a vasoconstrictor, particularly epinephrine or norep! 
be used with extreme caution in patients recefying moncaming oxidase {MAD} inhibitors or 
sleds of the triptyline or imipramine types, because severe, prolonged hnyperten- 

on may result. 

Local anesthetics which comaln preservatives, 1.8., those supplied in multiple dose vials, 
should not be used for caudal or epidural anesthesia. 

Until further experience is gained In children younger than 12 years, administration of 
Marcaine in this age group is not recommended. 


Precautioas. The safety and effectiveness of local anesthetics depend upon proper dosage, 
correct technique, adequate precautions, and readiness for emergencies. 

The lowest dosage that gives effective anesthesia shoud be used In order to avold high 
masma levels and serious systemic side effects. Injection of repeated doses of Marcaine 
may cause significant increase in blood tevels with sach additional dose, dus to accumula- 
tion of the drug or fts metabolites or due to siow metabolic degradation. Tolerance varies 
with the status of the patient. Debilitated, elderly patients and acutely ill patients should be 
gien reduced doses commensurate with age and physical condition. 

Solutions containing a vasoconstrictor should be used cautiously In areas with Emited 
dtood supply, in the presence of diseases that may adversely affect the patient's cardiovascular 
system, or in patients with peripheral vascula disease. 

Marcaine should be used cautiously tn persons with known drug allergies or sansittitias, 
particularly to the amide-type local anesthetics. 

Serlous dose-related cardiac arrhythmias may occur If preparations contalring a 
vasoconstrictor such as epinephrine are employed in patients during or followirg the 
administration of chiorofonn, halothane, cyclopropane, tichiorvethylene, or other related 
agents. In deciding whether to use these products concurrently in the same patient, the 
combined action of both agents upon the myocardium, the concentration and volume of 
vasoconstrictor used, and the time since Injection, when applicable, should be taken into 
accourt. 

Meee ay advised in administration of rapeat doses of Marcaine to patients with severe 

Use in Ophthalmic Surpery. When Marcalne 0.75% is used for retrobulbar block, 
complete comeal anesthesia usually precedes onset of clinically acceptatte external ocular 
muscle akinesia Therefore, presence of akinesia rather than anesthesia alone should 
determine readiness of the patient for surgery. 

Adverse Reactions. Reactions to Marcalne are characteristic of those associated with 
other amlde-type local anesthetics, A major cause of adverse reactions to this group of 


drugs ls excessive plasma levels, which may be due to overdosage, nadvertent intravascular 


injection, or slow métabolic rf ages 
Excessive plasma leveis of 


nervousness, dizziness, blurred vision, or tremors, followed by drowsiness, convulsions, 


unconsciousness, and possibly respiratory arrest. Since excitement may be transient o- ° 
drowsiness, sometimes merging Into unconsciousness. 


absent, the first manifestation may be 
and respiratory arrest. Other central nervous system effects may be nausea, vomiting, chills, 
constriction of the pulls, or thindtus. The can#ovescular manifestations of excessive 


amide-type igcai anesthetics cause systemic reactions , 
involving the central nervous system and the cardiovascular system. The Comal nervous , 
system effects are characterized by excitation or depression: The first maniféstation may be” ~ 


asma levels may Include depression of the myocardium, blood pressure changes (usually `. 


tension), and cardiac arrest. In obstetrics, cases of fetal bradycardia have occurred `. 
idlasyncrasy, or - 


{gee Wamings}. Afergic reactions, which may be due to hypersensitivity, 
diminished tolerance, are characterized by cutanoous lesions (¢.9., urticaria), edema, and 
other manifestations of allergy. Detection of sensitivity by skin testi 
Sensitivity to methylparaben preservatives added to multiple dose vials has been reportad, 
ane dose vials without methylparaben are also o ate ; 

foliowing epidural or caudal anesthesia also may Include: high or total spinal 
biock; urinary retention; fecal incontinence; [oss of peringal sansation and sexual function, 
persistent analgesia, paresthesia, and paralysis of the lower extremities; headache and 
peor ia slowin Tt ab labor and Increased incidence of forceps delivery, 

Toxic effects of local anesthetics raquire symptomatic treat- 

mont, tect fe no specific cure. The physician should be prepared to maintain an airway and 
10 support ventilation with oxygen and assisted or controlled respiration as required. 


Supportive treatmant of the ascular System includes intravenous fluids and, when 
appropriate, vasopressors rales those that stimulate the myocardium). Convulsions . 
Pe ie ne nous administration, m small increments, of a 
barbiturate, as follows: preferably, an ultrashort-acting barbiturate such as (thiopental or 


tayia: if this isnot available, a short-acting barbiturate {e.9.. secobarbital or pemo barbital} 

of diazepam. Intravenous barbiturates or anticonvulsant agents should only be administered 

by those familiar with thelr use. 

Composition of Solutions. 

Marcaine 0.25% — Each mi contains 2.6 mg bupivacaine with NaCl for isotonicity in water 
on. 


for Inject 
Marcalne 0.5% gral te mg bupivacaine with NaC) for Isotonicity in water for 
6 e 
Marcalne alae es ml contalns 7.5 mg bupivacaine with NaCl for lsotonicity In water . 


aE nd dia cach Wi alan Conta A Hapa paraben. 
nee each mi also contains 0.0097 mg e ne bitartrate, 0.5 mo sodium 


bisulfite, 0.001 atl a 2 mg ascorbic acid, 0.0017 mi 60% sodium lactate, 
and 0.1 mg edetate calcium um, 
Reference : 


. 1. Buckley FP, Simpson BR: Acute ‘traumatic and postoperative pain management. in ` 


Cousins MJ. Bridanbaugh PO {ads}: Neura/ Blockade in Clinical 
ment of Pain.. Philadelphia, JB Lippincott Co . 1980 chap 25. 
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Infiltrate prior to closing. 


By infiltrating soft tissues surrounding the operative site 
immediately prior to closir ig’ you can extend the anesthetic 
effect of Marcaine “ long after surgery for greater patient 
comfort and a more rapid recovery period! 


Mar caine: 


(bupivacaine HCI injection, USP) 


with or without epinephrine 1:200,000 
*0.25% only 


See important product information concerning warnings, adverse reactions, patient selection, and prescribing and precautionary 
recommendations on adjacent page 
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RESEARCH AWARD 


The International Anesthesia Research Society is pleased to announce the establishment of the , 
“LA.R.S. RESEARCH AWARD”, : 


Applications for up to $25,000 are invited for the initial Award, to be made in 1983, subject to the 
following basic conditions: 


.. The research proposal must be within the general field of anesthesiology. 


.. The principal investigator must be a member of the International Anesthesia Research 
Society. | 


.. Preference will be given to new investigators. 


.. Applications must be received in the I.A.R.S. Cleveland office no later than December 
31, 1982. 


The Award will be announced at the Annual Meeting (57th Congress) of the International Anesthesia 
Research Society to be held in New Orleans, March 13-17, 1983. The Award will be made on July 1, 
1983. 


The official application form for the Award must be used. This form, as well as the guidelines for 
applicants, is available on request to: 


B. B. Sankey, M.D. 

Executive Secretary 

International Anesthesia Research Society 
3645 Warrensville Center Rd. 

Cleveland, Ohio 44122, U.S.A. 


Telephone: (216) 295-1124 
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The Role of Conducting Airways in Gas Exchange 
during High-Frequency Ventilation—A Clinical and 
Theoretical Analysis 


Ivan Eriksson, MD* 





ERIKSSON, l: The role of conducting airways in gas exchange during high-frequency ventilation——a clinical and 
theoretical analysis. Anesth Analg 1982:61:483-9. 


Observed values for lung clearance index and mixing ratio appeared to be better than the calculated ideal values in 
seven of nine patients during high-frequency positive-pressure ventilation (HFPPV). The presence of substantial 
amounts of No (9.2% to 22.5%) in the initial expired gas suggests that these findings are explained by amplified mixing 
of tidal gas with residual gas in the conducting airways secondary to the high gas flow velocity during inspiration. 
There was a moderate positive correlation (r = 0.59) between the amount of residual gas (N) present in the initial part 
of the expirate and the efficiency of nitrogen washout. A functional’ dead space for Nə can be calculated. During 
HFPPV this was 125 + 71 ml and during spontaneous breathing 354 + 121 mi (p < 0.001), giving a Vo/Vr for Ne of 
0.38 + 0.06 as compared with 0.84 + 0.21 (p < 0.001) during spontaneous breathing. It also implies a more efficient 





washout of N- than of CO- (Vo/ Vr approximately 0.75) during HFPPV. 


Key Words: VENTILATION: high-frequency. 





NE OF THE MOST obvious changes in me- 

chanical ventilatory techniques during recent 
years has been the increasing interest in high-fre- 
quency mechanical ventilation (1-3). The major ad- 
vantages ascribed to this form of mechanical ventila- 
tion are low peak and mean airway pressures and less 
cardiovascular depression as compared with low ven- 
tilatory frequencies plus reflex suppression of spon- 
taneous breathing (2-5). 

The type of high-frequency ventilation developed 
by our group, high-frequency positive-pressure ven- 
tilation (HFPPV), is characterized by a ventilatory 
frequency of 60 breaths per minute and a relative 
insufflation time of 22% of the period time (2, 3). So 
far, HFPPV has been used clinically mainly for bron- 
choscopy and laryngoscopy under general anesthesia 
(6-9). Promising results with even higher ventilatory 
frequencies have recently been reported (10-12). 

In healthy dogs, HFPPV in a volume-controlled 
mode with a low compressive ventilatory system and 
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with a positive end-expiratory pressure (PEEP) of 5 
cm H:O has been shown to give a more efficient 
nitrogen washout during oxygen breathing than con- 
ventional intermittent positive-pressure ventilation 
(13). In patients undergoing diagnostic bronchoscopy 
because of suspected or verified pulmonary disease, 
indices of intrapulmonary gas distribution showed 
improvement during HFPPV as compared with spon- 
taneous breathing (7). 

The purpose of this paper is, on the basis of clinical 
results (7), to discuss and analyze mechanisms that 
may explain the efficiency of intrapulmonary gas 
distribution in terms of Ne washout during mechani- 
cal ventilation at high ventilatory frequencies. Special 
attention will be paid to the role of the conducting 
airways. 

Methods and Procedures 


The experimental results presented and analyzed in 
this paper were obtained in nine subjects ranging in 
age from 50 to 63 years and undergoing diagnostic 
bronchoscopy. The research procedure of the inves- 
tigation was approved by the Ethics Committee of 
The Regional Hospital in Orebro. All patients gave 
their informed consent to the investigation. The meth- 
ods and procedures used here, together with patient 
data, have been described in detail previously (7). 
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GAS MIXING AND DEAD SPACE DURING HFPPV 


The patients were mainly heavy smokers with 
symptoms and signs of pulmonary disease. They were 
examined by means of a non-rebreathing multiple 
breath nitrogen washout technique with oxygen for 
determination of intrapulmonary gas distribution and 
functional residual capacity (FRC), first during spon- 
taneous breathing, then during HFPPV under general 
anesthesia and muscular relaxation. Expired gas vol- 
umes for calculation of FRC and tidal volume (Vr) 
were measured in a Tissot tank spirometer. After 
corrections for apparatus dead space, gas impurities, 
and nitrogen dissolved in body fluids, FRC was cal- 
culated. The anatomic dead space was measured by 
the equal area of Fowler (14) in two patients. Gas 
volumes were corrected to BTPS. The gas for analysis 
of the Ne concentration was taken at a level just above 
the lips during spontaneous breathing and from the 
endotracheal tube at the level of the lips during 
HFPPV. Gas fractions were measured by a mass spec- 
trometer (Centronic MGA-200, 20th Century Elec- 
tronics Ltd, UK) and recorded on paper (Devices 
MX412, Devices Ltd, UK). The 90% response time for 
this system to an abrupt change from air to oxygen 
was 0.12 seconds. The effect of gas sampling (20 ml/ 
min) on the measurements was considered negligible. 
The signal from the mass spectrometer was also re- 
corded on an FM tape recorder with a frequency 
range of 17,500 Hz (Tandberg TIR 115, Tandberg A/ 
S, Norway). For the subsequent calculation, the signal 
from the tape recorder was fed into a sample and hold 


ABBREVIATIONS 


spontaneous breathing 
high-frequency positive-pressure ventila- 
tion 
positive end-expiratory pressure 
tidal volume (ml) 
anatomic dead space (ml) 
functional residual capacity (ml) 
observed number of breaths required to 
reduce end-expired Ne concentration to 
2% 
expected or ideal number of breaths re- 
quired to reduce end-expired Ne con- 
centration from 80% to 2% 
mixing ratio 
LCl-observed observed lung clearance index 
LCI-expected expected or ideal lung clearance index 
“Functional” Vp functional or effective dead space for Nz 
FAo alveolar concentration of Nz before wash- 
out 
FAn alveolar concentration of Ne after n 
breaths 
FE end-expired Ng concentration 
wW alveolar dilution factor 
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amplifier with a sampling frequency of 2400 samples/ 
sec, e.g., each breath during HFPPV was divided into 
2400 sections. A peak detector selected the highest 
value of each breath and fed it into a desk computer 
(PET 2001-8, Commodore Business Machines, CA) 
via an A/D converter. The end-expired Nz concentra- 
tion of each breath was thus obtained and corrected 
for gas impurities and nitrogen dissolved in body 
fluids. 


Calculations 


Ventilatory efficiency as a whole may be expressed 
as a lung clearance index (LCI) (15). It may be written 
as 





Ta EAA 


= TRC (2) 


where n is the number of breaths required to reduce 
end-expired Ne concentration (FE) to 2% (n-cb- 
served). 
The basic equation for washout of an inert gas from 
a uniformly ventilated space (16) is 
FAn = FAo-w" (2) 


where FA, is the alveolar concentration of Ne after n 
breaths and FAp is the alveolar concentration before 
washout. FE is considered to correspond to FA. 

The alveolar dilution factor w is defined as 


FRC 


we ERC + (Vr — Vp) (3) 


where Vp is the volume of the anatomic dead space. 

Equation 2 may be solved for the expected (or 
ideal) n required to reduce FE from 80% to 2% (n- 
expected). 





: log 0.025 
log w 


(4) 


If this value for n, based on the actual magnitudes of 
Vr, Vp, and FRC, is substituted in equation 1, the 
ideal or expected value for LCI (LClI-expected) is 
obtained (17). As LCl-expected takes into considera- 
tion changes in FRC, Vr, and Vp, it should be suitable 
for comparisons at different ventilatory frequencies. 
A mixing ratio (MR) (17) may be calculated as the 
ratio of the n-observed to the n-expected required to 
reduce FE to 2%. This index differs from the pulmo- 


nary clearance delay of Fowler et al (16) in that curve 
-~ fitting is not required and that only the volume re- 


quired to reduce FE to 2% is considered. Further, the 
lung is simplified into a single alveolar and a single 
dead space compartment. ~ l 

Vp is usually considered to decrease after endotra- 
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cheal intubation, secondary to bypass of the upper 
airways by the endotracheal tube. However, as the 
volume of the conducting airways is also related to 
their distention, it has been assumed here that the 
PEEP of approximately 3 to 4 cm H20 present during 
HFPPV, together with the muscular relaxation, com- 
pensates for this reduction (18, 19). This is supported 
by actual measurements of Vp according to Fowler 
(14) in two of our patients (S.E. and R.E.), in whom 
no difference in Vp was found between spontaneous 
breathing and general anesthesia with intubation. Vp 
has therefore been considered to be the same during 
spontaneous breathing and intubation as found by 
Hedenstierna and McCarthy (19) and has been cal- 
culated from body size as described by Hart et al (20). 
Further, with proportional changes in volume, Vp has 
a lesser effect than Vr on expected values. 


Statistics 

All differences reported were tested for statistical 
significance by means of Student’s t-test for paired 
data. A probability level of less than 0.05 was consid- 
ered statistically significant. Linear regression lines 
were made by the method of least squares and the 
coefficients of correlation are the product moment 
correlation of Pearson. To test the null hypothesis of 
a zero correlation, a one-tailed t-test, n-2 df was used, 
the alternative hypothesis stating a positive correla- 


tion (Fig 4). 


Results 


During spontaneous breathing n-observed was al- 
ways greater than n-expected (Table). During HFPPV 
n-observed was less than n-expected in seven of nine 
patients. This gave a MR greater than 1 in all patients 
during spontaneous breathing and a MR less than 1 
in seven of nine patients during HFPPV (Fig 1; p < 
0.001). LCl-observed and LCl-expected behaved anal- 
ogously (Table). 

The upper two curves in Fig 2 show Ne washout 
from one patient (B.P.) with an efficient washout (see 
Table) during spontaneous breathing and during 
HFPPV. During spontaneous breathing both the ven- 
tilatory volume and the number of breaths required 
were greater than during HFPPV (figures corrected 
for gas impurities and Ne dissolved in body fluids are 
shown in Table). During HFPPV in patient B.P. there 
was a rapid decrease of FE, which reached 2% after 18 
seconds. For comparison, the curve from another 
patient (P.-I.S.) with one of the slowest washouts is 
shown during HFPPV with a FE of 2% being reached 
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p< 0.001 
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* Vo/Vy ratlo for Nz during spontaneous breathing Is 0.84 + 0.21 and during HFPPV 0.38 + 0.06 (p < 0.001). 
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after 45 seconds. The N: fraction in initial expired gas 
taken from the upper part of the endotracheal tube 
after the first breath of Oz was higher (16.7%) in the 
patient with the more rapid washout of Ng than in the 
patient with a slow washout (12.6%). 

A detailed analysis of Nz concentration curves ob- 
tained in patient B.P. (Fig 2, upper two curves), begin- 
ning with the first expiration of a Ne washout record- 
ing during spontaneous breathing (Fig 3), shows the 
classic pattern with a fairly clear separation between 
gas from the conducting airways and gas from the 
alveolar space, and an alveolar plateau (14). The initial 
expirate consists of inspired Og (with impurities). 
During HFPPV the Ne concentration curves were 
different from those during spontaneous breathing in 
all patients. The major differences were: (a) The initial 
horizontal part of the Ne concentration curve during 
expiration, which represents gas expired from the 
endotracheal tube and from the conducting airways, 
obviously did not represent the last of the inspired 
tidal volume of oxygen, as it contained a substantial 
amount of Ne (FE = 16.7%; Fig 2). (b) The expired N2 
concentration started to increase early and increased 


Mixing Ratio 





SB HFPPV 


Type of ventilation 


Fia 1. Mixing ratlo (MR) during spontaneous breathing (SB) 
before surgery and during high-frequency positive-pressure ven- 
tilatlon (HFPPV). Bars indicate means + SD; p < 0.001. Spontaneous Breathing 


Expiration 


Inspiration 








80 
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q 
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BO ae 
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Fig 2. N2 washout curves during spontaneous breathing and . 
during HFPPV for patlent with fast nitrogen washout (B.P., upper HIME 
two curves). For comparison N: washout curve for patient with Fic 3. Details of changes In N2 concentration in gas obtained a 
slow washout (P.-I.S., lower curve) is glven during HFPPV. from upper end of conducting alrways immediately after start of 
Actua! recordings not corrected for gas Impurities or Nz dis- O- breathing during spontaneous breathing and during HFPPV 
solved In body flulds. in one patient (B.P.). 
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Fig 4. Initial expired N2 concentration plotted agalnst observed 
lung clearance Index (LCFobserved) (r = 0.59; p < 0.05). 


almost linearly without any transition zone between 
gas from the conducting airways and gas from the 
alveolar space and thus there was no alveolar plateau 
as was seen during spontaneous breathing. 

When plotted against each other (Fig 4), the initial 
expired Ne concentrations are inversely related to 
LCI-observed (r = 0.59; p < 0.05), i.e., a high initial 
expired Ne concentration corresponds to an efficient 
washout of Ng. 


Discussion 


In 1975 Scherer et al (21) reported that the effective 
axial diffusivity increased with increasing gas flow 
rate. However, their results were obtained with lami- 
nar gas flows and an axial gas velocity of 2 to 100 
cm/sec. The axial velocity during HFPPV in the pres- 
ent study was in the order of 2500 to 3000 cm/sec, 
i.e, much higher and corresponding to peak Rey- 
nold’s numbers of well above 10,000 and turbulent 
flow. In the human lung Reynold’s numbers progres- 
sively decrease as a result of the increasing total cross- 
sectional area of the distal airways, and the most 
turbulent flow will be in the trachea or the endotra- 
cheal tube and in the large airways. The flow condi- 
tions prevailing during HFPPV therefore suggest in- 
creased gas mixing secondary to turbulence in the 
conducting airways. Recently Fredberg (22) also 
showed that high flow velocities may support gas 
exchange by “augmented diffusion” in the airways. It 
was not possible, in this study, to differentiate be- 
tween the effects of the gas mixing processes dis- 
cussed above and the eventual presence of differences 


in axial velocity or a coaxial gas flow. The reasoning 
is in line with the observed presence of substantial 
amounts of Ng (residual gas) 5 to 8 cm from the outer 
opening of the endotracheal tube at the end of inspi- 
ration, as well as the increase in Ne concentration 
early during expiration (Figs 2 and 3) while the con- 
ducting airways are still being emptied. It implies that 
the end-inspired gas is also, to some degree, being 
used for N2 washout, i.e., a greater fraction of the tidal 
volume is being effective in Ne washout during 
HFPPYV than during spontaneous breathing. 

The amount of Ne eliminated is represented by the 
area under the Nz concentration curve. Thus, if gas 
mixing in the large airways was the only source of 
variance in nitrogen washout, the most efficient wash- 
out should take place where the initial expired Ne 
concentration is highest. However, the correlation 
between initial expired Ne concentration and LCI- 
observed (Fig 4) is not particularly strong. This is 
perhaps not surprising, as other factors, e.g., differ- 
ences in the conditions of the distal airways between 
the patients are also of importance. 

The findings of values for LCl-observed that were 
less than calculated ideal, and also of values of MR 
less than 1 (Table, Fig 1) during HFPPV imply a 
functionally decreased dead space for Ne. Such a 
“functional” dead space for Ne operating during 
HFPPV may be calculated. By inserting the expression 
of w from equation 3 into equation 4, we obtain 

log 0.025 
Orie a ER 6) 
ERC + Vr — Vp) 


If the observed values for n, FRC, and Vr are used, 
then Vp in equation 5 is the functional Vp for Ng, 
consistent with LCl-observed and MR. Equation 5 
may be solved by using logarithms and rearranging: 


FRC 
Vig a = ERC + Vr — somaya (6) 


The calculated values for the functional dead spaces 
are shown in the Table. For a patient with one of the 
most efficient Ne washouts during HFPPV (A.O.) 
functional dead space is thus 36 ml and for the patient 
with the slowest washout (R.E.) it is 243 ml. A LCI- 
observed or MR less than the expected then implies 
that the interface between the alveolar space and the 
conducting airways has moved outward, contrary to 
observations at lower gas flow velocities (21, 23). 
With increasing inspiratory gas flow velocities, the 
differences between dependent and nondependent 
regions of the lung have been shown to decrease, 
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giving a more even topographic distribution of in- 
spired gas (24-26), This is also in line with the efficient 
Ne washout during HFPPV and a decrease in the 
functional Vp for Ne. However, as both ventilation 
and perfusion normally go more to dependent lung 
regions, this alteration toward a more even topo- 
graphic distribution of inspired gas should give an 
increased V/Q mismatch with increased alveolar dead 
space for CO» (18) and increased venous admixture. 
A decrease in pulmonary arterial pressure associated 
with general anesthesia would further increase V/Q 
mismatch. This implies a considerable alveolar dead 
space for COe and provides an explanation for the 
difference between the high ventilatory volumes (ap- 
proximately 19 L/min in this study) that were neces- 
sary for ventilatory steady states with adequate elim- 
ination of COs, on the one hand; and the very efficient 
Ne washout on the other, as Ne is not dependent of 
alveolar perfusion for washout. The Vp/Vr has been 
shown to be approximately 0.75 for CO, during 
HFPPV (27) but is approximately 0.38 for Ne in this 
study (from Table). The physiologic dead space for 
CO» is thus much larger than the volume of the 
conducting airways, contrary to the small functional 
dead space for Ne. Therefore, an efficient washout of 
Ne is not proof of an efficient alveolar gas exchange. 

In conclusion, it seems that during HFPPV, the high 
gas flow velocity during inspiration gives an increased 
gas mixing in the conducting airways. This is probably 
secondary to turbulence and “augmented diffusion.” 
It causes residual gas to be present in the conducting 
airways at end-inspiration and is compatible with a 
displacement of the transition zone between tidal and 
residual gas toward the outer opening of the con- 
ducting airways. The functional Vp for Ne can thus 
be smaller than the volume of the conducting airways 
as there is no alveolar dead space for Ns. The effi- 
ciency of Ne washout during HFPPV seems to be 
related to the amount of residual gas present in the 
conducting airways at the end of inspiration. A more 
even topographic distribution of inspired gas during 
HFPPV may decrease elimination of COs, whereas 
washout of Na is efficient. 
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Nonrespiratory Side Effects of Epidural Morphine 
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BROMAGE, P. R., Camporesi, E. M., DURANT, P.A.C., AND NIELSEN, C. H.: Nonrespiratory side effects of epidural 
morphine. Anesth Analg 1982;61:490-5. 


Ten healthy young male volunteers received in random sequence 10 mg of morphine sulfate intravenously and by 
lumbar epidural route during two 26-hour study sessions, in order to observe the appearance and resolution of the 
following side effects: (a) pruritus, (b) nausea, (c) vomiting, (d) urinary dysfunction. With the exception of one subject, 
who experienced transient (2 hours) nausea, none of the subjects experienced any adverse side effects after the 
intravenous morphine. However, all subjects experienced some degree of one or more complications, starting 3 hours 
after the epidural administration: generalized pruritus started at 3.0 + 0.3 hours (nine of 10 subjects, mean + SD) 
and lasted 5.3 + 4.0 hours. Nausea occurred in six subjects at 4.0 + 0.6 hours, and lasted for 3.0 + 2.1 hours; 
vomiting occurred at 6.3 + 2.0 hours in five of the nauseated subjects. Urinary retention of varying intensity and 
duration appeared in nine subjects and required pharmacologic intervention in six subjects. Serum levels of unmodified 
morphine were measured at various times after administration during both sessions and did not correlate with the 
incidence or temporal appearance of side effects. Serial evaluation of dermatomal level of hypalgesia to ice and pin 
scratch demonstrated a progressive spread in the rostral direction after epidural morphine; trigeminal areas were 
affected by 9 hours in five of the 10 subjects. The stereotyped sequence of side effects after 10 mg of morphine by 
the epidural route can be interpreted to reflect widespread dispersion of morphine throughout the subarachnoid and 


ventricular cerebrospinal fluid. 


Key Words: ANALGESICS: morphine; ANESTHETIC TECHNIQUES: epidural, morphine. 
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NTRASPINAL narcotics by the subarachnoid or 

epidural route produce segmental analgesia of 
great power and duration (1, 2). The intensity of 
analgesia matches that conferred by intraspinal local 
anesthetics (3), but without the disadvantage of sym- 
pathetic efferent blockade (4). Unfortunately the non- 
respiratory side effects of pruritus, nausea, and uri- 
nary retention associated with intraspinal narcotic 
administration are common enough to question the 
widespread clinical use of this approach. Moreover, 
reports of delayed, profound, and prolonged respira- 
tory depression make close and continuous surveil- 
lance an essential condition for many hours after 
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epidural morphine has been administered (5-8). 
These different side effects have been ascribed to 
various causes including morphine preservatives (9, 
10), histamine release (8), and opiate receptor occu- 
pation within the brainstem (11). 

Both the quality of epidural narcotic analgesia and 
severity of side effects seem to be dose dependent 
(12). Our earlier study of epidural narcotics in vol- 
unteers used the lipophilic drugs hydromorphone and 
methadone in doses equivalent to 5 to 7.5 mg of 
morphine, and we obtained a strictly limited segmen- 
tal analgesia with very few side effects (4). Limited 
segmental spread has also been reported by other 
authors (13) when small doses of epidural morphine 
(4 to 5 mg) were used and when observations did not 
extend beyond 3 hours after epidural administration. 
However, our subsequent clinical experience after 
upper abdominal surgery showed that somewhat 
larger doses, equivalent to 8 to 10 mg of morphine, 
were required to achieve effective postoperative an- 
algesia as judged by spirometric criteria (3). Therefore 
in this investigation we selected a dose of epidural 
morphine (10 mg) that would be adequate to relieve 
acute severe pain under most clinical circumstances, 


BROMAGE ET AL 


and the time of study was extended for a period 
greater than 24 hours in order to observe the evolution 
and regression of delayed side effects. The adverse 
effects that were encountered showed a high degree 
of predictability in their temporal appearance, and the 
stereotyped pattern of emergence of these complica- 
tions suggest that a common etiologic mechanism 
may underlie all of them. Major respiratory side 
effects also occurred during the course of this study; 
these respiratory observations will be published sep- 
arately. 


Methods 


The nonrespiratory side effects of preservative-free 
morphine were studied in 10 men aged 18 to 33 years. 
All were healthy and three were trained athletes. Body 
weight ranged between 62 and 110 kg (mean 82.6 + 
18 (SD) kg). The subjects were fully informed and 
each was given a comprehensive pretest physical ex- 
amination, including electrocardiogram (ECG), uri- 
nalysis, and blood chemistry. The protocol received 
institutional approval. — 

Each subject underwent two 26-hour periods of 
study, 2 to 4 weeks apart. Morphine, 10 mg, was 
administered intravenously at one session, and by the 
lumbar epidural route.at the other session in random- 
ized sequence. All subjects fasted from midnight and 
had consumed no caffeine-containing foods or bev- 
erages from 10:00 p.m. the preceding evening. The 
subjects were studied on a hospital stretcher bed in a 
quiet environment. Between periods of measurement 
they were permitted to move about as freely as they 
wished. The following measurements were made at 
each session with the subjects reclining in a 20° head- 
up position. 


Serum Morphine Concentrations 


Blood (10 ml) was drawn from a forearm vein for 
serum morphine assay at the following times: control 
(before injection of test drug) and then 0.5, 1, 3, 6, 10, 
16, and 22 hours after injection. The contralateral arm 
was used for sampling after intravenous administra- 
tion. Blood was drawn by a 20-gauge needle into glass 
syringes, and centrifuged in glass Vacutainers. The 
serum was transferred to Teflon tubes and frozen 
until assayed by high-pressure liquid chromatogra- 
phy (14). 


Segmental Cutaneous Hyposensitivity 


Sensitivity to ice, pin scratch, and pin prick was 
tested on the skin of thighs, abdomen, chest, neck, 


and face at the following times: before administration 
of morphine and at 10, 20, 30, and 45 minutes, and 1, 
3, 6, 10, 16, and 22 hours, or more often. 


Side Effects 


The onset and duration of pruritus, nausea, and 
vomiting were noted. The subjects were requested to 


-void shortly after morphine administration. Thereaf- 


ter, all voided urine was collected and measured. 
Subjects were also asked to describe any changes of 
sensation or bodily functions that they experienced 
after receiving intravenous and epidural morphine. 


Morphine Administration 


Sterile, coded ampules containing 10 mg of mor- 
phine sulfate in preservative-free isotonic saline were 
supplied by A. H. Robins Company Research Labo- 
ratories. The mode of administration has been de- 
scribed elsewhere (14). In summary, 10 mg of mor- 
phine was injected intravenously over a period of 3 
minutes at one session. At the other session an epi- 
dural catheter was inserted at the second lumbar 
interspace. Catheter placement was validated by a 
preliminary dose of 10 ml of 2% chloroprocaine. 
Thirty minutes after complete regression of the chlo- 
roprocaine block 10 mg of morphine sulfate in 10 ml 
of normal saline was injected through the catheter, 
and the catheter and filter were flushed with 1.0 to 
1.5 ml of normal saline. Subjects maintained a supine 
posture for the next 10 to 15 minutes, and then the 
catheter was withdrawn. 


Management of Complications 


Side effects were not treated except when it was 
considered that their continuance might prove harm- 
ful to the subjects. Prolonged urinary retention was 
treated by pharmacologic means if two or more of the 
following indications existed: (a) failure to void at 18 
hours, (b) bladder discomfort, (c) bladder palpable 
above the symphysis pubis. Subcutaneous bethane- 
chol (Urecholine), 5 mg, was given initially. If this 
failed to initiate micturition, intravenous naloxone, 
0.4 mg, was given slowly to reverse the effects of the 
morphine and the experiment was terminated. 


Results 


The pattern of spread of hypalgesia has been de- 
scribed elsewhere (14) and this effect will be referred 
to only insofar as it coincides with the temporal 
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SIDE EFFECTS OF EPIDURAL MORPHINE 


appearance of the nonrespiratory complications ob- 
served in this study. 


Intravenous Morphine 


After intravenous morphine all subjects experi- 
enced a transient sleepiness and feeling of relaxation 
lasting approximately 1 hour, but all were alert and 


active by the Sth hour. Nine of the 10 subjects were _ 


able to ingest normal amounts of food and drink at 
meal times without discomfort. One subject had mild 
nausea lasting for 2 hours after intravenous morphine. 
No dysuria or retention of urine occurred. None of 
the subjects experienced itch and none vomited. 

The average concentration of morphine in periph- 
eral venous blood was 26.2 + 7.4 ng/ml at the first 
sampling period % hour after intravenous injection. 
Blood concentrations decreased rapidly and reached 
insignificant levels by the 6th hour as shown in Fig 1. 


Epidural Morphine 


Blood concentrations of morphine at the first sam- 
pling period were higher than after intravenous injec- 
tion, with an average value of 41.5 + 9.7 ng/ml. 
Thereafter concentrations decreased and, as with the 
intravenous route, reached insignificant levels by the 
6th hour. 

No side effects were encountered during the first 2 
hours after epidural administration, but by the 3rd 
hour all subjects showed signs of diminished intellec- 
tual activity and concentration. From the 3rd hour 
onward one or more of the complications of pruritus, 
nausea, vomiting, and retention of urine developed in 
all of the 10 volunteers. 


50 
AO 
SERUM 30 
CONCENTRATION 
OF 
MORPHINE 
(ng /ml) 20 





HOURS AFTER 10 m 
MORPHINE SULFAT 


Fia 1. Serum concentrations of morphine (mean + SEM) after 
Intravenous and lumbar epidural administration of 10 mg of 
morphine sulfate in 10 subjects; A- -~ -A, intravenous; 
O---—O, epidural. 
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Pruritus 


Itching of the thighs and groin occurred in one of 
the 10 subjects 2 hours after morphine injection. Then 
with remarkable punctuality itching of the face, scalp, 
and neck, and sometimes trunk and legs commenced 
after 165 to 225 minutes in nine subjects and precisely 
at 180 minutes in six of the nine. Pruritus of varying 
intensity lasted for 5.3 + 4.0 hours and then disap- 
peared. In two subjects with severe pruritus and uri- 
nary retention naloxone, 0.4 mg IV relieved both the 
retention and the itching within a few minutes. 


Nausea 


Nausea occurred in six subjects. With one excep- 
tion it always appeared after the onset of pruritus, 
with an average onset time of 4.0 + 0.6 hours and 
lasting for 3.0 + 2.1 hours. 


Vomiting 

Vomiting occurred later still at 6.3 + 2 hours in five 
of the nauseated subjects. Vomiting was usually sud- 
den with little forewarning and was confined to a 
single episode in three subjects, two episodes in one 


subject, and repeated bouts for six hours in the other 
volunteer. 


Melosis 


By the 6th to 9th hour all subjects had suffused 
conjunctivae and pupils that were small and poorly 
reactive to light. 


Cardiovascular Depression 


Resting blood pressure showed a steady downward 
trend over the first 10 hours, but the differences were 
not statistically different from control resting levels. 


Urinary Retention 


None of the subjects experienced any difficulty of 
micturition after intravenous morphine and all had 
voiding volumes of less than 500 ml. By contrast, all 
10 subjects experienced some degree of urinary dif- 
ficulty after epidural morphine. Nine subjects were 
unable to void in the interval between % hour and 10 
hours, but none complained of painful bladder dis- 
tention during that time. The distribution of voiding 
time intervals is shown in the Table. One subject had 
minimal difficulty in urinating at 5% hours. He com- 
plained of mild hesitancy lasting a few minutes fol- 
lowed by “a diminished sensation” while voiding 525 
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TABLE 


Comparison of Voiding Times in 10 Subjects after 
intravenous and Epidural Morphine (10 mg) 





interval after morphine No. of patients 





injection intravenous Epidural 
ar 
0-5 10 — 
5-10 — 1 
10-15 — 1 
15-20 —— S 
20-25 — 3 





ml of urine. Three subjects voided spontaneously 
after several unsuccessful attempts 11 to 15 hours 
after epidural morphine, but the urinary volumes 
were large (500 ml, 720 ml, and 860 ml). The remain- 
ing six subjects had one or more indications for 
treatment after 15 hours. Bethanecol, 5 mg, subcuta- 
neously was successful in only two of these subjects. 
Two subjects complained of increasing bladder dis- 
comfort after receiving bethanecol, but no subjective 
effect occurred in the remaining two. The four sub- 
jects who failed to respond to bethanechol were given 
naloxone, 0.4 mg IV, and all four were able to initiate 
voiding within 10 minutes. Three of these four sub- 
jects voided without appreciable interruption and 
passed volumes of 325 ml, 425 ml, and 850 ml, 
respectively. The fourth subject voided promptly after 
naloxone, but subsequent flow became intermittent 
and he required 20 minutes to empty his bladder of 
approximately 525 ml. 

None of the volunteers encountered any subse- 
quent urinary difficulty after 24 hours following epi- 
dural morphine administration. 


Rostral Spread of Hypalgesia 


The pattern of rostral spread of hypalgesia after 
epidural morphine has been described elsewhere (14). 
In Fig 2 is summarized the temporal sequence of 
onset, duration, and regression of nonrespiratory side 
effects in relation to the upper segmental level of 
hypalgesia to ice and pin prick. It can be seen that 
generalized pruritus began when the cephalad level 
of cutaneous hypalgesia reached the mid to upper 
thoracic segments. Nausea and vomiting occurred a 
little later when hypalgesia extended to the upper 
cervical territory. 


Discussion 


Serum concentrations of morphine were not di- 
rectly related to the incidence or temporal appearance 


sa 
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FiG 2. Incidence, time of onset, and duration of nonrespiratory 
side effects after 10 mg of lumbar epidural morphine (mean + 
SEM) related to segmental spread of cutaneous hypaigesia to 
ice and pin scratch in 10 subjects. 


of side effects in this series, and the role of morphine 
in the blood compartment may be dismissed as rela- 
tively insignificant, except insofar as local blood flow 
determines the length of time that injected agents 
remain in the epidural space. 

Although no itching occurred after intravenous 
morphine, pruritus was the earliest, the most punc- 
tual, and the most consistent complication of epidural 
morphine. It involved the head and trunk in all of the 
nine subjects who were affected. Itching has been 
ascribed to histamine release (8) or to the presence of 
preservatives in the morphine (9, 10). However, in 
this series there were no stigmata of histamine release, 
and no preservatives were used. On the other hand, 
the epidural route of administration appeared to be 
all important, and generalized itching, including in 
the head and neck, began 3 hours after injection at a 
time when cutaneous hypalgesia was beginning to 
spread cephalad at its fastest rate. At the same time 
the hands began to become hypalgesic as measured 
by the cold pressor response test (14), indicating that 
appreciable quantities of morphine had ascended to 
the neck and penetrated the dorsal horn of the cervical 
spinal cord. 

Later, as cutaneous hypalgesia rose to the cervical 
and trigeminal segments, nausea and vomiting devel- 
oped, hypalgesia to cold pressure response test inten- 
sified in the hands, and the pupils became small and 
poorly reactive, indicating that all of these factors 
were probably linked to a common causal phenome- 
non. 

Urinary retention proved to be the most trouble- 
some complication. It developed insidiously and ap- 
peared to be related to partial loss of bladder sensa- 
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tion. Little or no discomfort accompanied bladder 
distention until urinary volumes had become large. 
Normal bladder capacity is taken to be approximately 
500 ml (15) and so three of the 10 subjects probably 
experienced some degree of bladder overdistention. 
The parasympathomimetic action of bethanechol has 
been recommended as a first line of treatment for 
urinary retention after epidural morphine, but we 
found it to be virtually useless under these circum- 
stances, and in two cases 5 mg of bethanechol did no 
more than increase bladder discomfort and distress. 
By contrast, naloxone was immediately successful in 
initiating normal micturition when bethanechol had 
failed. All of these complications may be explained as 
the direct or indirect results of cephalad spread of 
partial deafferentation. 

Initial studies of morphine on the spinal cord had 
suggested that the action at the dorsal horn is purely 
antinociceptive (16, 17). However, subsequent clinical 
experience has shown that some other sensory mo- 
dalities are also affected, including the cutaneous 
sensation of cold and pin scratch (4). It has been 
assumed that spinal narcotics have a localized seg- 
mental effect (1) and small doses of lipid-soluble 
drugs such as methadone and hydromorphone do 
indeed produce segmental hypalgesia which is quite 
precisely localized (4). However, poorly lipid-soluble 
agents such as morphine are retained in the spinal 
fluid for long periods, so they can float rostrally for 
great distances in the subarachnoid space before they 
diffuse into the lipid tissues of the cord (3). Radiologic 
evidence shows that water-soluble contrast media 
such as metrizamide travel from the lumbar thecal 
space to the basal cisternae within minutes and 
through the ventricular pathway to the fourth and 
lateral ventricles within 1 to 3 hours (18). The pattern 
of emergence of side effects that we have observed 
can be traced by inference along the same route with 
morphine acting on sensory relay nuclei near the 
surface of the upper spinal cord and brainstem. Some 
of these nuclei may be close to the subarachnoid pial 
surface, whereas others may lie close beneath the 
ependymal lining of the floor of the fourth ventricle. 

The precise neurologic basis for itching is still 
uncertain, but pruritus is commonly seen in condi- 
tions where sensory modulation is disturbed, as in 
multiple sclerosis (19, 20), diabetic neuropathy (21), 
and occasionally during complete sensory blockade 
(22). Morphine has been shown to have a facilitatory 
action on non-nociceptive neurons in the dorsal horn 
(23). In animals paroxysms of scratching follow injec- 
tion of morphine into the cisterna magna (24). A 
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similar phenomenon is reported after the application 
of tetanus toxin to the caudal trigeminal nucleus (25). 
We postulate that the punctual appearance of gener- 
alized itching 3 hours after epidural morphine is due 
to a perturbation of sensory input arising from rostral 
spread of morphine within the spinal fluid to the level 
of the cervical extension of the trigeminal nucleus or 
subnucleus caudalis (26). Nausea and vomiting 1 to 3 
hours later could be due to modulation of afferent 
input at the area postrema (27) or at the nucleus of 
the tractus solitarius, a key relay station in the visceral 
sensory network. The nucleus of the tractus solitarius 
may be affected directly by morphine diffusing 
through the ependymal floor of the fourth ventricle, 
or it might be affected indirectly by suppression of 
trigeminosolitary fibers after penetration to the tri- 
geminal nucleus from the pial surface of the medulla 
and upper cervical cord (28). 

In conclusion, the side effects of 10 mg of epidural 
morphine reflect widespread dispersion of morphine 
throughout the subarachnoid and ventricular cerebro- 
spinal fluid. The subsequent modulation of afferent 
input has protean manifestations involving both cu- 
taneous and visceral sensation, as well as visceral 
functions that are dependent upon a normal traffic of 
afferent input. It must be pointed out that the high 
incidence and severity of nonrespiratory side effects 
encountered in this series was related to the generous 
dose of epidural morphine chosen for the investiga- 
tion. We suggest that smaller doses may be more 
appropriate in most clinical situations. 
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Serum Oncotic Pressure and Oncotic-Hydrostatic 
Pressure Differences in Critically Ill Patients 
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Richard M. Peters, MD, FACS,f and Richard W. Virgilio, MD, FACS* 


Sise, M. J., SHACKFORD, S. R., PETERS, R. M., AND VIRGILIO, R. W.: Serum oncotic pressure and oncotic-hydro- 
static pressure differences in critically Ill patients. Anesth Analg 1982;61:496-8. 


The possible influence of serum colloid oncotic pressure (COP) and the gradient between COP and pulmonary capillary 
wedge pressure (COP-PCWP) on resplratory Insufficlency and survival was studied prospectively in 77 critically ill 
surgical patients by daily simultaneous measurements of COP, PCWP, and intrapulmonary shunt (Qs/Qt). Mean ages 
of survivors (N = 51) and nonsurvivors (n = 26) were 46 + 3 years (survivors) and 58 + 4 years (nonsurvivors), 
respectively (p < 0.01). Lowest value of COP was similar in survivors (15 + 1 torr) and in nonsurvivors (14 + 1 torr). 
Lowest value of COP-PCWP in survivors was 3 + 1 torr and ~1 + 2 torr in nonsurvivors (p < 0.05). The difference 
in COP-PCWP was secondary to a significantly greater PCWP In nonsurvivors (16 + 1 torr) than in survivors (12 + 1 
torr) (p < 0.01). For each patient, Qs/Qt measured at the time of lowest measured COP was not significantly different 
between survivors and nonsurvivors (0.18 + 0.01 in survivors and 0.20 + 0.01 in nonsurvivors) and measured at 
lowest COP-PCWP (0.18 + 0.01 In survivors, and 0.21 + 0.01 in nonsurvivors). No correlation was found between 
either lowest COP or lowest COP-PCWP and Qs/Qt. Progressive respiratory insufficiency was not a dominant factor 
in determining respiratory insufficiency was not a dominant factor in determining mortality. These data suggest that 
COP alone is not a critical factor In determining either survival or respiratory insufficiency as measured by Qs/Qt in 
critically ill surgical patients. 


Key Words: VENTILATION: oncotic pressure; BLOOD: oncotic pressure; LUNGS: puimonary capillary pressure, 


shunt. 


HE RELATIONSHIP between serum colloid os- 

motic pressure (COP) and capillary hydrostatic 
pressure is a determinant of fluid movement across 
capillary membranes was proposed by Starling in 
1896 in what has become known as the Starling 
hypothesis (1). The Starling equation defines the bal- 
ance of forces that control fluid effusion (2): 


Jv = Kr {(Po — Pr) — êle — Mr)} 


Where Jy = net volume flow; Kr = filtration coeffi- 
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cient; Pc = intravascular hydrostatic pressure; Pr = 
interstitial hydrostatic pressure; ô = Staverman coef- 
ficient of reflectance; IIc = capillary oncotic pressure; 
and JI = tissue oncotic pressure. Po can be approx- 
imated from pulmonary capillary wedge pressure 
(PCWP) and IIc is COP. The difference between Pc 
and IIc defines the net force for fluid filtration from 
the intravascular space. Ir and Pr are oncotic and 
hydrostatic forces in the interstitial space and cannot 
readily be measured in clinical studies. When IIc 
decreases, or when the Pc increases, movement of 
fluid across capillary membranes to the extravascular 
space is favored. Normal values for Pc are in range of 
10 to 15 mm Hg, whereas values for Ic are in range 
of 18 to 20 mm Hg. 

Although some authors have suggested that both 
lowered COP and lowered colloid osmotic pressure- 
pulmonary capillary wedge pressure gradient (COP- 
PCWP) are directly related to the development of 
pulmonary edema (3-7), these relationships have been 
questioned (2, 8-10). We studied the relationship of 
COP and COP-PCWP gradient to the development of 
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pulmonary insufficiency and overall mortality in crit- 
ically ill patients in our Trauma and Surgical intensive 
Care Units. 


Methods and Materials 


Between July 1977 and March 1978, 77 patients in 
the Trauma and Surgical Intensive Care Units were 
selected for study because they required flow-directed 
pulmonary arterial catheters for fluid management or 
treatment of respiratory insufficiency. 

During the time of critical illness, daily measure- 
ments of COP by transducer membrane technique as 
described by Weil et al (3), PCWP, cardiac output 
(CO) by thermodilution technique, and arterial and 
mixed venous blood gas tensions were made. Intra- 
pulmonary shunt (Qs/Qt) (11), left ventricular stroke 
work index (LVSWI), and COP-PCWP gradient were 
calculated from these measurements. 

Patients were divided into survivors and nonsurvi- 
vors. These groups were compared with respect to 
age, lowest COP, lowest COP-PCWP, and LVSWI. 
Correlations between lowest COP and Qs/Qt and 
between lowest COP-PCWP gradient and Qs/Qt 
were determined. The magnitude of Qs/Qt was used 
as a measure of pulmonary dysfunction and an indi- 
rect indication of the degree of fluid effusion in the 
lung. Data were analyzed using Student's t-test with 
statistical significance attributed to a p value less than 
0.05. 


Results 


Of the 77 patients studied, there were 51 (66%) 
survivors and 26 (34%) nonsurvivors. Mean ages in 
years were 46 + 3 (+SEM) and 58 + 4, respectively 
(p < 0.05). The mean value for lowest COP was 
similar in survivors and nonsurvivors (Table 1). Non- 
survivors had a mean value of lowest COP-PCWP 
gradient significantly lower than did survivors (Table 
1). At the point of lowest COP-PCWP gradient for 
each patient, COP was not significantly different be- 
tween survivors and nonsurvivors, but PCWP was 


TABLE 1 

Lowest Colloid Oncotic Pressure (COP) and Lowest Colloid 
Oncotic Pressure-Pulmonary Capillary Wedge Pressure 
(COP-PCWP) Gradient in Survivors and Nonsurvivors* 





Survivors Nonsurvivors p value 
Ee a ee EER Ae Ee eran ee SIM a a A I RE DE TS 
Lowest COP (torr) 1S 41 14241 NS 
Lowest COP-PCWP 3 —} +2 <0.05 
(torr) 


menear AAAA AAEE 


* Values are means + SEM. 


significantly higher in nonsurvivors than in survivors 
(Table 2). LVSWI was significantly higher (p < 0.01) 
in survivors (52 + 2 g-m/m‘’) than in nonsurvivors 
(44 + 3 g-m/m’). The mean QOs/Qt at lowest COP 
and at lowest COP-PCWP was not significantly dif- 
ferent between the groups (Table 3). 

No correlation was found between Qs/Qt and low- 
est COP in nonsurvivors or in survivors (Fig 1). In 
addition, lowest COP-PCWP gradient in the overall 
study did not correlate with Qs/Qt (Fig 2). None of 
the 26 nonsurvivors had progressive respiratory in- 
sufficiency as the primary cause of death. 


Discussion 


Colloid osmotic pressure and COP-PCWP gradient 
have been correlated with mortality and the devel- 
opment of pulmonary insufficiency by various ob- 
servers. Tonnesen and colleagues (7) showed that 
lowered COP correlated closely with elevated mortal- 


TABLE 2 
COP and PCWP at Lowest COP-PCWP Gradient* 








Survivors Nonsurvivors p value 
COP (torr) 1541 1541 NS 
PCWP (torr) 121 16 £1 <0.01 
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* Values are means + SEM. 


TABLE 3 


intrapulmonary Shunt (Qs/Qt) at Lowest COP and at Lowest 
COP-PCWP Gradient in Survivors and Nonsurvivors* 
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Qs/Qt at lowest COP (%) 1B+1 20 + 1 NS 
Qs /Qt at lowest COP- Bt 2441 NS 
PCWP (9%) 
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Fia 1. Lack of relationship between lowest COP and Qs/Qt in 
77 critically ill surgical patients. 
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Fia 2. Absence of correlation between lowest COP-PCWP and 
Qs/Qt In total group of patients. 


ity, although this relationship was independent of 
respiratory insufficiency. Rackow et al (4) found that 
lowered COP-PCWP gradient was closely associated 
with the development of pulmonary edema. Rackow 
et al reported that all of the patients who had my- 
ocardial infarction and a COP-PCWP gradient of less 
than 4 mm Hg also had pulmonary edema. Rackow 
and associates also showed a marked reduction in 
survival associated with a lowered COP. Weil and co- 
workers (6) have also shown a correlation between 
lowered COP and mortality. In addition, they dem- 
onstrated a correlation between lowered COP-PCWP 
gradient and the development of pulmonary edema 
as measured by chest roentgenography. The wide 
range of variability in the interpretation of chest 
roentgenograms makes this determination difficult to 
quantify as a clinical measurement. 

Use of arterial and venous blood gas measurements 
to calculate Qs/Qt provides a more precise index of 
pulmonary insufficiency than physical examination 
of radiographic evidence of pulmonary edema (12- 
15) and, therefore, we chose it as the basis for com- 
parison in this study. Many authors (3-7) have shown 
a correlation between COP-PCWP gradient and ra- 
diographic evidence of pulmonary edema, but did not 
attempt to correlate these parameters with Qs/Qt. 
intrapulmonary shunt is an objective sensitive meas- 
urment of lung function. Pulmonary edema results in 
an increase in Qs/Qt. Intrapulmonary shunt is felt to 
increase as lung water accumulates. Changes in Qs/ 
Ot often occur before there are changes in the chest 
radiograph indicative of pulmonary edema. 

We found that the lowest COP was not significantly 
different in survivors and nonsurvivors. Lowest COP- 
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PCWP gradient was lower in the nonsurvivors, sug- 
gesting that myocardial function had an impact on 
survival. We found no correlation between the lowest 
COP or lowest COP-PCWP and Qs/Qt. These obser- 
vations suggest that COP and PCWP are not the 
critical factors in predicting the degree of respiratory 
insufficiency or likelihood of survival in critically ill 
surgical patients. The Starling hypothesis remains a 
complex relationship which will continue to require 
careful clinical study and application in order to be 
understood. 
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Electrical acupunctural stlmulation (EAS) has repeatedly been shown In the laboratory to diminish human dental pain 
perception. This study compared the effects of low, medium, and high EAS levels on event-related potentials elicited 
by painful dental stimulation and on subjéctive pain report. Acupuncture was performed bilaterally at L-4 on the 
hands, and each subject received ail EAS levels, counterbalanced for order. Only the highest level of EAS was 
effective, and it reduced the palin report in addition to the amplitudes of the positive event-related potential deflections 
from base line at 100 and 250 msec. No dose-response effect was observed for EAS levels. The outcome suggests 
that the analgesic effect occurs abruptly when stimulation reaches a strong level and a subnoxious pounding sensation 


is elicited. 
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A the analgesic effects of electrical acu- 
puncture stimulation (EAS) have been reported 
in several studies from laboratories where dental do- 
lorimetrv has been used to elicit laboratory pain (1- 
4), only minimal information has been provided about 
the role of stimulation intensity in the induction of 
analgesia. To increase dental pain threshold with 
acupuncture, Andersson and Holmgren (1) found it 
necessary to induce a strong pounding sensation at 
the site of the needle by using a subjectively high 
(EAS) intensity. Chapman and colleagues (2, 5) re- 
peatedly observed that electrical acupuncture reduced 
dental perceptual capability (d^) in sensory decision 
theory studies when stimulus intensity was strong but 
did not exceed the comfort level of the subject. Re- 
cently, they showed (6) that EAS can alter brain- 
evoked potential amplitudes elicited by painful tooth 
pulp stimulation when stimulation is strong. 
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Dental event-related potential (ERP) amplitudes 
have correlated well with changes in pain perception 
as stimulus intensity varies (7, 8). Moreover, analgesic 
treatments which decrease pain perception also di- 
minish ERP amplitudes. For example, Chapman and 
associates have observed that ERP amplitudes de- 
crease following treatment with aspirin, 975 mg (9), 
fentanyl, 0.1 mg IV (10), nitrous oxide 33% inhaled in 
oxygen (11), and lidocaine 2% infiltration of the soft 
tissues at the apex of the tooth being tested (12). 
Recently Buchsbaum et al (13) reported similar 
changes in the ERP elicited by painful electrical cu- 
taneous stimulation when aspirin, 1.0 g, and mor- 
phine, 5.0 mg, were given. As EAS appears to alter 
brain response to painful dental stimulation much the 
same as other analgesics, it is of interest to determine 
whether its dosage can be varied. 

In this study three different EAS intensities were 
given to subjects in order to determine whether a 
relationship exists between intensity of the stimula- 
tion delivered through the needles and the dental 
analgesic effect of acupuncture. It was hypothesized 
that small, medium, and high stimulation intensities 
would result in three gradients of ERP modulation, 
thus demonstrating a dose-response relationship be- 
tween electrical stimulation intensity and analgesic 
effect. 
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Method 


Subjects 


Twelve paid volunteers ranging in age from 21 to 
31 years were involved in the study. Each filled out a 
health questionnaire and signed a consent form ap- 
proved by the University of Washington Human Sub- 
ject Research Committee. 


Dolorimetry 


For each subject a healthy, unfilled, central incisor 
was stimulated via a 3.5-mm conductive rubber elec- 
trode (cathode) mounted in a plastic shaft and held 
against the subject’s tooth by one of the experimen- 
ters. Quality of the contact between the stimulating 
cathode and tooth was ensured by continued observ- 
ance of a digital resistance meter. The anodal elec- 
trode was taped to the left zygomatic arch. Stimuli 
were generated by a Grass S-44 stimulator and con- 
.trolled by constant current and stimulus isolation 
units. Stimulus intensity was determined by display 
of the 5-msec square wave pulses on a calibrated 
oscilloscope. These pulses ranged in intensity from 10 
to 80 uamp depending on the subject, with a mean 
intensity of 66 wamp. In order to select a suitable 
dental stimulus level for each subject at the outset, 
stimuli were given repeatedly with small increments 
in intensity until a level judged as strong or moderate 
pain was obtained. During actual testing the stimuli 
were presented every 2 seconds at this level. A de- 
tailed description of the dental dolorimetry system 
used has been provided by Martin and Chapman (14). 


ERP Recording 


A 600-msec epoch of electrical brain activity was 
sampled on each trial beginning 100 msec before the 
delivery of the dental stimulus. Samples were re- 
corded from vertex (Cz) referred to occiput (Oz) with 
the zygomatic arch as ground, and electrode resist- 
ances were maintained at less than 5 kohm. Each 
testing session lasted 1.5 to 2.0 hours. Signals were 
amplified via a model 277] Analog Devices isolation 
unit with an effective band width of 0.2 to 100 Hz (3 
dB down) and the signal from Op-Amp was fed 
directly into a Nicolet 1072 signal averager. The input 
of the Nicolet digitizer (SD72/4A) was set to a time 
constant of 4 msec with a sampling rate of 800 Hz. 
The signal averaging process was monitored on an 
oscilloscope. 

Each measure obtained was derived from a sum- 
mation average for 192 trials produced by summing 
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three averages, each from 64 repeated presentations 
of identical dental stimuli. To guard against possible 
artifacts caused by alpha rhythm, neck muscle ten- 
sion, eyeblinks, or ocular rotation, the consistency of 
each set of three 64~trial averages was assessed, and 
atypical recordings were discarded and replaced. 

The ERP wave form data were quantified in terms 
of the base-to-peak amplitudes and peak latencies at 
each of the major deflections from base line, identified 
here in terms of polarity (N, negative; P, positive) and 
peak latency in milliseconds. Peak latencies and am- 
plitudes for each 192-trial average obtained were dig- 
itized and submitted to analysis. 

The pain ratings, scored 1 to 6, were derived from 
verbal reports based on a scale of six categories: 1, 
very faint sensation; 2, very faint pain; 3, faint pain; 
4, mild pain; 5, moderate pain; and 6, strong pain. 
These ratings were obtained at the end of each block 
of 192 trials. 

After the base line ERPs were obtained electrical 
acupuncture was delivered bilaterally via sterile 
needles inserted approximately 1.5 cm at LI-4 on the 
dorsal aspect of the hand between the first and second 
metacarpal bones near the radial side of the middle 
of the second metacarpal. A Sanyo Denshi SD207 
stimulator was used to deliver biphasic wave forms at 
2 Hz from two output ports. On each of the subject’s 
hands the cathode was connected to the acupuncture 
needle and the anode was taped to the palmar surface 
of the index finger. 

Stimulation levels given to each subject were indi- 
vidually determined before the attempt to induce 
analgesia commenced. The output voltage of the stim- 
ulator was increased slowly to an intensity at which 
the subject detected a distinct pulsing sensation. This 
voltage was recorded and designated as low intensity 
stimulation. High intensity stimulation was defined 
by further increasing the voltage to the highest pos- 
sible non-noxious level. The average of the low and 
high voltages was defined as the medium intensity. 
Mean voltages across subjects for the three EAS levels 
were 0.57, 2.05, and 3.43 V. Each level of stimulation 
was applied for 20 minutes before the ERPs were 
recorded. 


Design 


The order of the three stimulation intensities was 
counterbalanced across subjects. This formed six 
groups of two subjects each. Data were statistically 
analyzed by mixed design analysis of variance with 
order as a grouping variable and acupuncture stim- 
ulation intensity as a within-subjects variable. 
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Fig 1. Event-related potential (ERP) wave forms for two rep- 
resentative subjects are presented across base line and three 
treatment levels. Each wave form is a 192-trial summation av- 


Results 


In addition to subjective report the ERP wave forms 
yielded five base-to-peak amplitude scores and five 
peak latencies as shown in Fig 1 in which wave forms 
for two subjects are presented across base line and 
three EAS levels. To reduce the number of data points 
entered into univariate statistical analyses, we exam- 
ined the correlation of EAS level (dosage) with each 
of the dependent variables and selected only those 
measures whose correlations with dosage were greater 
than r = 0.20. With this criterion subjective pain 
report (SPR), P100 amplitude (P100 AMP), and P250 
amplitude (P250 AMP) were selected for analysis of 
variance procedures. The outcomes of the analyses of 
variance are shown in Table 1, and Fig 2 displays the 
mean change in ERP and SPR variables across dosage 
levels. Dunnett’s test (15) was used for a posteriori 
testing of each of the values against the base line 
measure. 

A significant dosage effect was seen with P100 
AMP, P250 AMP, and SPR, but a posteriori tests 
revealed that this effect occurred only with the highest 
stimulus intensity (see Fig 2). Thus, the acupuncture 
effect occurred on an “all-or-nothing” basis when 
stimulus intensity reached an adequate level. 

In Table 2 are presented the correlations between 
the independent variables (dosage and order) and the 
dependent variables (P100 AMP, P250 AMP, and 
SPR). Interestingly, there was a substantial relation- 
ship between order of treatment and both P250 AMP 
and SPR measures but not between the P100 AMP 
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erage recorded at vertex with reference to inion. Base lines were 
estimated from 100-msec prestimulus average and used to 
calculate base-to-peak amplitudes. 


TABLE 1 

Analysis of Variance Summarized for P100 Amplitude (P100 
AMP), P250 Amplitude (P250 AMP), and Subjective Pain 
Report (SPR) 








Source SENO! dt Mean F p 
squares square 

P100 AMP 
Order (O) 3.999 5 0.800 0.19 0.958 
Dose (D) 6.228 3 2.076 5.76 0.006 
Subject (QO) 25.86 6 4.311 
O x D interaction (SD) 8.591 15 0.573 1.59 0.173 
SD (0) 6.487 18 0.360 

P250 AMP 
Order (O) 121.403 & 24.281 0.82 0.576 
Dose (D) 26.275 3 8.758 3.23 0.047 
Subject (0) 177.169 6 29.538 
O x D interaction (SD) 31.038 15 2.069 0.76 0.699 
SD (O) 8.840 18 2.713 

SPR 
Order (O) 19.167 5 3.833 5.75 0.028 
Dose (D) 2.292 a 0.764 6.11 0.005 
Subject (0) 4.000 6 0.667 
O x D interaction (SD) 1.458 15 0.972 0.78 0.686 
SD (Q) 2.250 18 0.125 


and order. To further evaluate the treatment effect, a 
multiple regression was performed in which the de- 
pendent variable or criterion was dosage and the four 
independent variables, or predictors, were P100 AMP, 
P250 AMP, SPR, and order of treatment. This resulted 
in the multiple regression coefficient, r = 0.395, and 
the square of this number, 0.156, indicated the pro- 
portion of variance explained by these four variables. 
As ERP, SPR, and the order variable accounted for 
only approximately 16% of the variance in the data, 
the treatment effect was rather weak even though it 
was statistically significant. This occurred because 
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Fia 2. Effects of electrical acupunctural stimulation (EAS) lev- 
els on mean (+1 SEM) ERP and subjective pain report (SPR) 
scores. ERP data are plotted as deviation from base line (abso- 
lute value) over tlme. Area under function thus defined indicates 


TABLE 2 

Correlations among Dependent Measures, and Order of 
Treatment for Electrical Acupunctural Stimulation (EAS) 
intensity Levels (Dose) 


Order P100 AMP P250 AMP SPR Dose 
Order 1.000 
P100 AMP 0.055 1.000 
P250 AMP 0.271 0.229 1.000 
SPR 0.302 0.089 0.331 1.000 
Dose —0.000 -0.300 -0.259 —0.212 1.000 


suboptimal stimulation intensities were used at the 
low and medium levels, and an effective stimulation 
level was used only while testing at the highest inten- 


sity. 
Discussion 


The data demonstrate that low intensities of acu- 
punctural stimulation are ineffectual in establishing 
dental analgesia in human laboratory volunteers un- 
dergoing painful tooth pulp stimulation. A dose-re- 
sponse effect was not observed, and it seems clear 


from the statistical analyses that the analgesic effect 
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electrical energy expended by brain over 500 msec In process- 
Ing tooth pulp stimulus. Statistical significance for a posteriori 
tests is Indicated: * = p< 0.05, xx = p< 0.01. 


occurs abruptly as acupunctural stimulation intensity 
is increased, beginning at the point where a strong 
pounding sensation is obtained. Our data do not 
preclude the possibility that a dose-response curve 
could be demonstrated if several very high EAS in- 
tensities were used. Unfortunately, this is difficult, if 
not impossible, to test in human volunteers as it 
would require stimulation at extremely noxious and 
perhaps intolerable levels. 

Also contributing to the small treatment effect ob- 
served was the use of central incisors for the tests. 
Janhunen and Narhi (3) as well as Mattila, Ketovuori, 
and Poentinen (4) found that dental acupuncture an- 
algesia, obtained by stimulation at LI-4, was smallest 
at the incisors and increased in depth as they moved 
back through premolars to the molars. It is likely that 
the effect reported here would have been more pro- 
found if molar teeth were tested. 

Finally, the data thus far available suggest that the 
outcomes of studies such as this one, which examine 
the ability of EAS treatments to block pain in a 
healthy volunteer, may not generalize easily to the 
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clinical application of EAS therapy for the patient 
with chronic pain. Andersson and Holmgren (1), for 
example, reported that low frequency stimulation 
worked best for laboratory EAS modulation of pain, 
but higher stimulation frequencies (>100 Hz) were 
more effective for chronic pain alleviation. Clearly, 
more information is needed about stimulation fre- 
quency and intensity before a conclusion can be 
reached, and clinicians should proceed cautiously in 
building a knowledge base for EAS pain therapy from 
the experimental literature. 
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Career choices of physicians frequently change after senior year in medical school. Although previous studies have 
documented the magnitude of these changes, they contain no information concerning anesthesiologists. Changes in 
specialties of 1151 physicians, graduates from the same medical school, between the years 1968 and 1976 were 
studied. Of these physiclans, 35 (3%) are presently engaged in the practice of anesthesiology. Of 31 physicians who 
planned careers in anesthesiology as seniors, 26 (84%) remained In anesthesiology. Nine physiclans changed from 
other specialties to anesthesiology. The ability of anesthesiology to retain physicians who originally planned to 
specialize in it, or to gain physicians from other fields, was not different from that found in other specialties studied. 


Key Words: MANPOWER; EDUCATION: medical students. 


ATTESON and Smith (1), in a study of career 

choices of medical students, found a differ- 
ence between the specialty that senior medical stu- 
dents said they would like to be in (their preferred 
specialty) and the specialty they actually planned to 
= enter (their chosen specialty). Nearly one quarter of 
all students indicated they chose to enter a specialty 
other than that which would be their first preference. 
Reasons given for this difference included: a low 


demand for their preferred specialty, the nature of 


training in their preferred specialty, too much time 
demanded by their preferred specialty, the feeling 
that they lacked the required ability for their preferred 
specialty, the feeling that their preferred specialty 
required too much responsibility, they did not care 
for the people already in their preferred specialty, the 
belief that their preferred specialty lacked prestige, 
the feeling that it would be too difficult to get a 
‘residency in their preferred specialty, they did not 
like the type of patient they would deal with in their 
preferred specialty, the feeling that their preferred 
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specialty offered no challenge, or the feeling that their 
preferred specialty was inconsistent with their per- 
sonality. The choices of specialties offered in the 
questionnaire used by Matteson and Smith were in- 
ternal medicine, surgery, psychiatry, pediatrics, ob- 
stetrics-gynecology, general practice, or “others.” Be- 
cause anesthesiology was included in “others,” no 
useful information could be gathered concerning the 
specialty. 

Not only do physicians enter specialties that are 
not their prime preference, they also may change 
specialties after some training in their field of first 
preference. Wasserman and colleagues (2) followed 
one medical school class from their freshman year 
through their 7th postgraduate year. They reported 
that half of the medical students changed specialty 
choice between freshman and senior years and that 
after graduation 23% changed specialties by the 5th 
postgraduate year. Of the 58 physicians followed, 
only two were anesthesiologists, thus it was difficult 
to apply their data to our specialty. 

More recently, Holden and Levit (3) reported on a 
longitudinal study of graduates of medical schools in 
the United States. They randomly selected 10% of the 
graduating classes of 1960, 1964, and 1968. There 
were 664 physicians in the 1960 cohort, 673 in the 
1964 cohort, and 709 in the 1968 cohort, totaling 2046. 
They examined how many of these physicians 
changed specialties in the years 1971 through 1976. 
The most recent graduating class had the largest 
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percentage of physicians changing fields; 29% in the 
class of 1968, 11% in the class of 1964, and 8% in the 
class of 1960. The specialties analyzed included inter- 
nal medicine, pediatrics, family practice, obstetrics- 
gynecology, medical subspecialties, surgical subspe- 
cialties and other. Anesthesiology was included in the 
other category along with dermatology, pathology, 
physical medicine, preventive medicine, psychiatry, 
neurology, and radiology. It is difficult to draw any 
conclusions concerning anesthesiology from these 
data. We undertook a study to document the magni- 
tude of change of anesthesiologists into and out of 
our specialty. 


Methods 


Data for the present study were derived from a 
longitudinal study of medical students and graduates 
conducted at the Jefferson Medical College since 1968 
(4, 5). Each year a questionnaire was administered to 
senior students approximately 1 hour before they 
received the results of the matching program for 
residency training (internships in earlier years). One 
item in the questionnaire asked the senior about the 
type of residency training planned after the Ist year 
of postgraduate training. Senior questionnaires were 
available for 1306 (78%) of 1676 graduates from 
classes graduating in the years 1968 through 1976, 
inclusive. 

The actual current specialties of Jefferson graduates 
were subsequently obtained five or more years after 
graduation from the alumni office of the college. The 
actual specialty for 155 of the graduates in the time 
period could not be obtained from the records of the 
alumni office because the graduate had either not 
completed training, was not actively practicing, or, in 
a few cases, was deceased. The remaining 1151 (69%) 
graduates were classified into 11 large specialty 
groupings and one other group which included small 
numbers of graduates in programs such as ophthal- 
mology, otolaryngology, and preventive medicine. 

The plans for specialization and actual specialties 
were cross tabulated, and the proportion of graduates 
remaining in their planned specialties was calculated. 
The proportions were compared using the Z test for 
proportions. 


Results 


Of the 1151 graduates 35 (3%) listed anesthesiology 
as their present specialty. Of the 31 students who 
planned to go into anesthesiology as seniors, 26 ac- 
tually did so, an 84% retention rate. Nine physicians 
changed from other specialties into anesthesiology, 


TABLE 1 
Career Choices of Senior Medical Students and Eventual! 
Areas of Practice 





No. of seniors No. of seniors 








ay a a ae 
specialty specialty 
Anesthesiology 31 26 84 
Family medicine 138 105 76 
Internal medicine 351 312 89 
Obstetrics-gynecology 77 61 79 
Orthopedics 64 44 69 
Pathology 33 26 79 
Pediatrics 83 70 84 
Psychiatry 60 50 83 
Radiology 46 31 67 
Surgery 153 110 72 
Urology 24 15 63 
Other 91 70 77 
* Percentage retained = (number retained)/(number 


planned) x 100. 





TABLE 2 
Career Changes after Graduation 
Specialty No. re- No. % No. actually 
tained’ gained  gainedt in field 
Anesthesiology 26 9 26 35 
Family medicine 105 36 26 144 
internal medicine 312 73 19 385 
Obstetrics-gynecol- 61 12 16 73 
ogy 
Orthopedics 44 4 8 48 
Pathology 26 5 t6 31 
Pediatrics 70 14 17 84 
Psychiatry 50 10 17 60 
Radiology 31 14 31 45 
Surgery 110 23 17 133 
Urology 15 5 25 20 
Other 70 26 27 96 


a he 
* Number of physicians in each specialty who planned to 


enter that specialty as senior medical students (Table 1). 
| Percentage gained = (number gained)/(number in spe- 
cialty) x 100. 


representing a 26% gain. In Tables 1 and 2 the results 
for the different specialties are compared. The per- 
centage of students remaining in their planned spe- 
cialties ranged from 89% for internal medicine to 63% 
for urology. Radiology had the highest percent gained 
(31%). Anesthesiology and family medicine were third 
highest with 26% gained. However, there were no 
statistically significant differences between any of the 
specialties examined in their ability to retain or gain 
physicians. 
Discussion 


In the present study involving eight medical school 
classes followed for 5 to 13 vears, 20% of physicians 
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changed specialties following graduation. This is in 
agreement with Wasserman’s figure of a 23% change 
in the first 5 postgraduate years (2), The data of 
Holden and Levit (3) indicated that 29% of physicians 
changed their specialties in their first 8 postgraduate 
years. Their percentage of physicians changing spe- 
cialties is higher because they included changes from 
a specialty to a subspecialty in the same field as well 
as changes to a completely different field. For exam- 
ple, a physician who was listed as an internist and 
now limits his practice to cardiology would have been 
considered to have changed his field by Holden and 
Levit but not by us. 

The fact that at least 20% of medical graduates 
change specialties raises some interesting questions. 
Does it result from medical students electing fields to 
which they have been inadequately exposed in med- 
ical school? If so, then students should be encouraged 
to learn more about possible career choices by means 
of additional elective time before graduation. On the 
other hand, the medical school students may not have 
received enough or the correct type of exposure to the 
field they ultimately select. If this is true, then a more 
general medical school education, which would pro- 
vide better exposure to all fields of medicine, is 
needed. 

It is interesting to note that in our study all physi- 
cians leaving anesthesiology entered either internal 
medicine or family practice. All those who entered 
anesthesiology after graduation came from surgical 
fields. The numbers involved are probably too small 
to be of significance but the entry into anesthesiology 
from surgical fields is understandable because of the 
exposure of surgical house officers to anesthesiology. 

Both Wasserman and colleagues (2) and Holden 
and Levit (3) demonstrated an increasing stability in 
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specialty choices with the length of time after gradu- 
ation from medical school. This is understandable in 
that the longer a physician stays in a residency or a 
practice, the greater his understanding of what is 
demanded by that field and his compatibility with 
that specialty. Also, with the magnitude of financial 
indebtedness of many of today’s graduates, the need 
to enter practice to repay loans may preclude “starting 
over’ in a new residency after several years have been 
spent in another field. 

For whatever reasons physicians change specialties, 
anesthesiology does not appear to be different fram 
other specialties in its ability to retain or gain physi- 
cians. If.medical school exposure is important, our 
data indicate that our curriculum, which includes a 2- 
week required clerkship and the possibility of a 1- 
month elective, is adequate. Other specialties to which 
students have much greater exposure seemed to gain 
and lose physicians at the same rate as anesthesiology. 
It must be remembered that our data represent only 
one medical school. If students received different 
types or amounts of formal training in anesthesiology, 
there could be a greater number of physicians chang- 
ing into or out of anesthesiology. 
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One-Lung Anesthesia: Percent Shunt and Arterial 
Oxygen Tension during Continuous Insufflation of 
Oxygen to the Nonventilated Lung 


D. Ian Rees, MB, BCh,* and Scott R. Wansbrough, MD* 


Rees, D. i, AND WANSBROUGH, S. R.: One-lung anesthesia: percent shunt and arterial oxygen tension during 
continuous insufflation of oxygen to the nonventilated lung. Anesth Analg 1982;61:507-12. 


Twenty-four male patients scheduled for elective pulmonary resection were studied to determine whether continuous 
insufflation of oxygen to the nonventilated lung would reduce intrapulmonary shunting (Q,/Q, and arterial oxygen 
desaturation. Measurements of physiologic variables were made using pulmonary arterial and peripheral arterial 
catheters. Blood was sampled for analysis and Q./Q; and other hemodynamic variables were calculated. Significant 
differences were observed in Q,/Q,; and arterial oxygen tensions (Pao,) between patients in whom oxygen was 
insufflated and those in whom oxygen was not Insufflated. Patients with oxygen insufflation had significantly lower Q,/ 
Q, and consistently higher Pao,. Statistically significant differences In Q,/Q,; became apparent after 15, 30, and 45 
minutes of one-lung ventilation compared with values for patients not receiving oxygen insufflation. Six of 12 patients 
without oxygen insufflation had peak Q,/Q, levels greater than 50%, whereas none of the patients in whom oxygen 
was insufflated had levels that exceeded this amount. Of 12 patients given oxygen insufflation, one had a Pao, of less 
than 100 torr at the point of maximum decrease in arterial oxygen tension, compared with six of 12 patients In whom 
oxygen was not insufflated. These findings suggest that continuous oxygen Insufflatlon of the nonventilated lung 


during periods of one-lung ventilation reduces Q,/Q; and minimizes arterial oxygen desaturation. 


Key Words: ANESTHETIC TECHNIQUES: endobronchial; LUNG: shunting. 


RTERIAL oxygen desaturation and increasing 
intrapulmonary shunting occur during periods 
of one-lung ventilation (OLV) (1). Various techniques 
aimed at improving arterial oxygenation and reducing 
intrapulmonary shunting during OLV have been in- 
vestigated. These range from positive end-expiratory 
pressure (PEEP) to the dependent ventilated lung (2- 
4) to oxygen insufflation together with PEEP to the 
upper nonventilated lung (5). 

Although Churchill-Davidson (6) recommended in- 
sufflation of the affected lung during periods of col- 
lapse to diminish hypoxemia, no study to date has 
conclusively investigated the potential beneficial ef- 
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fects of continuous insufflation of oxygen without 
PEEP to the nonventilated lung during OLV. We 
investigated this technique by comparing one group 
of patients having thoracotomies with a period of 
OLV with a second group not having oxygen insuf- 
flation to the nonventilated lung. 


Methods 


Twenty-four male patients undergoing elective 
lung resections for carcinoma were studied. Institu- 
tional approval of the study and informed consent 
were obtained. The patients were distributed into two 
groups according to a computer-generated randomi- 
zation schedule. Two other patients were removed 
from the study because insufficient data were ob- 
tained due to the brevity of the period of OLV. 

Clinical history and preoperative laboratory data 
were collected for all patients. Premedication con- 
sisted of diazepam, 10 mg, given 90 minutes before 
arrival in the operating room and Innovar (2 ml) given 
intravenously before insertion of monitoring lines. 
Anesthesia was induced with thiopental, 3 to 4 mg/ 
kg, with pancuronium, 0.1 mg/kg, used to facilitate 
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intubation. Maintenance of anesthesia was achieved 
with enflurane 1% to 2% in oxygen. All patients had 
large Robertshaw double-lumen endobronchial tubes 
to provide lung separation and to facilitate OLV. The 
Ohio fluidically operated anesthesia ventilator was 
used to provide mechanical ventilation at a volume of 
12 ml/kg/breath, at a rate of 10 breaths per minute. 
These settings remained unaltered throughout the 
Operative period with attention directed toward en- 
suring that peak airway pressure did not exceed 30 
torr following the changeover from two- to one-lung 
ventilation. Separation of ventilation was verified by 
auscultation in the prone and lateral positions before 
commencement of surgery. During the period of 
OLV, one group of patients received continuous in- 
sufflation of oxygen at a rate of 1 L/min via a ¥14 


EQUATIONS 


Q. Pa Ce ‘Oy — Ca 


| snaeaieemeemnanememets 
1 
i 


Shunt equation O, 
Qe Cc’o, Cv 


Cc'o, = (Pao, (0.0031)) + (Hb X 1.34) 
Pao, (on air) = (Pa — Phob Fio, — (Paco,/ 
| 0.8) . 
| Pao, (100% Ox) = Ps ~ Paco, — Puo — Pen 
| Cao, = (Pao {0.0031)) + (Hb x 1.34 
x Sat/100) 

C¥o, = (Pvo,(0.0031)) + (Hb x 1.34 


x Sat/100) 
Cardiac index (Cl) = 
©. consumption (Vo,) = 


OF body surface area 
Q x Cla-Vjo, X 10 


| 
i 
I 
| 
| | 
| | 
| | 
| O; delivery = Cao, x CI Xx 10 | 
| SVR = (MAP ~ CVP)/CI 
| PVR = {MPAP — PAWP)/CI 
| 
ABBREVIATIONS | 
FVC forced vital capacity | 
FEV; forced expired volume in 1 second | 
OLV one-lung ventilation 
MAP mean systemic arterial pressure 
MPAP mean pulmonary arterial pressure | 
PAWP pulmonary arterial wedge pressure | 
ENP central venous pressure | 
| Q, cardiac output 
Q./Q: percent shunt 
| Vo, oxygen consumption | 
| LYSWI left ventricular stroke work index | 
PVR pulmonary vascular resistance | 
| SVR systemic vascular resistance 
Pao, arterial oxygen tension | 
| Paco, arterial carbon dioxide tension | 
PVo, mixed venous oxygen tension | 
Pio, fraction inspired oxygen | 
V/Q ventilation-perfusion ratio : 
a HPV hypoxic pulmonary vasoconstriction a 
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French bronchial catheter, introduced 7.5 to 10 cm 
into the nonventilated side of the Robertshaw tube, 
without occluding the lumen of the endobronchial 
tube. In patients in whom oxygen was not insufflated, 
the nonventilated side remained open to atmosphere. 

Before induction of anesthesia, a 20-gauge, 5-cm 
Abbocath was inserted into the dependent radial ar- 
tery under local analgesia, and a Swan-Ganz 7 French 
triple-lumen thermodilution catheter was placed in 
the pulmonary artery via the internal or external 
jugular vein after lidocaine infiltration. Intravascular 
pressures and the electrocardiogram (ECG) were mon- 
itored using the Tektronix 414 with option 21 and 
alpha-numeric strip recorder output. Preinduction 
readings and blood samples were taken with the 
patient in the supine position and breathing room air. 
Initial base line readings and blood samples were 
taken 15 minutes after the patient was placed in the 
lateral position and before OLV. Subsequent readings 
and blood samples were taken at 5, 15, 30, and 45 
minutes after establishing OLV and 15 minutes fol- 
lowing termination of OLV. Each set of data included 
heart rate, mean systemic and pulmonary arterial 
pressures (MAP and MPAP), mean pulmonary arte- 
rial wedge pressure (PAWP), central venous pressure 
(CVP), and percent enflurane administered. After en- 
suring a good pulmonary artery wave form, mixed 
venous blood samples and systemic arterial blood 
samples were drawn for measurements of blood gas 
tensions and pH. Samples were packed in ice and 
analyzed within 5 minutes of being drawn using the 
Corning pH/blood gas 165 machine. Repeated cali- 
brations were performed and only minor adjustments 
needed to adjust the machine correctly to the values 
of standards internal to the instrument (coefficients 
of variation of the Po, electrode over the following 
ranges were: 40 to 80 torr = 15%, 90 to 110 torr = 2%, 
140 to 150 torr = 1%, >150 torr = <1%). Cardiac 
output was determined using the thermodilution tech- 
nique (mean of three measurements) and Edwards 
Laboratories’ cardiac output computer model 9520A 
which also recorded blood temperature. 

Following temperature correction of Pao,, using the 
Kelman and Nunn Temperature Correction Chart, 
and alveolar water vapor pressure the following cal- 
culations were made using an Apple 11 computer and 
standard formulas: intrapulmonary shunt (Q,/Q,), 
cardiac index, left ventricular stroke work index 
(LVSWI), oxygen consumption (Vo,), oxygen deliv- 
ery, pulmonary vascular resistance (PVR), and sys- 
temic vascular resistance (SVR). 

The above mentioned data were statistically ana- 
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lyzed using the repeated measures analysis of variance 
technique with one grouping variable and six repeated 
measures for analysis of interaction, group effect, and 
time effect. In the presence of interaction, the data 
obtained were further analyzed using the Newman- 
Keuls multiple comparison technique to determine 
whether differences between the two groups were 
statistically significant (7). 


Results 


Patients were divided into two groups: those re- 
ceiving oxygen insufflation (group 1) and those not 
receiving insufflation (group 2). Both groups had 
mean ages of 56 + 19 (SD) years. Smoking history 
was similar in both groups: patients in group 1 had a 
mean of 66 + 34 pack years (packs per day X number 
of years smoked) and those in group 2 a mean of 63 
+ 44 pack years. Preoperative pulmonary function 
tests showed patients in group 1 to have a forced vital 
capacity (FVC) mean of 3.21 + 1.3 L and a mean 
forced expiratory volume in 1 second (FEV) of 1.89 
+ 0.76 L. Patients in group 2 had a mean FVC of 3.41 
+ 1.3 Landa mean FEV; of 2.15 + 0.99 L. Preinduction 


TABLE 1 
Group 1: 12 Patients with Continuous Oxygen insufflation* 


values for Pao,, Paco,, PVo,, and Q./Qi in both groups 
with the patients in the supine position and breathing 
room air, were also similar (Tables 1 and 2). Six right- 
sided thoracotomies and six left-sided thoracotomies 
were performed in each group, all with lobectomies. 

The collected and derived data obtained for each 
group are shown in Tables 1 and 2. Q./Q, and Pao, 
were plotted against time (Figs 1 and 2) and clearly 
show the difference between the two groups. Histo- 
grams of the results (Figs 3 and 4) illustrate that with 
respect to Q./Q:, 50% of the patients in group 2 (non- 
insufflated) had peak Q,/Q, greater than 50% whereas 
none of the patients in group 1 (insufflated) had peak 
Q./Q: greater than 50%. Conversely, 75% of patients 
who had oxygen insufflation of the nonventilated 
lung during OLV had peak Q./Q, less than 35% 
whereas only 25% of patients without oxygen insuf- 
flation had peak Q./Q, in that range. Six of 12 patients 
in group 2 (non-insufflated) had minimum Pao, levels 
of less than 100 torr during the period of OLV. Only 
one of 12 patients in whom oxygen was insufflated 
had a minimum Pao, of less than 100 torr. 

The Q,/Q, in both groups increased with time on 
OLV. Statistical analysis of this index using the re- 





Time with insufflation 





mere 15 min (2 lungs) 5 min (1 flung) 15 min (1 lung) 30min (1 lung) 45 min (1 iung) 15 min (2 lungs) 
Q./Qr (%) 17+4 2344 29+6 30+ 8 3145 2146 
Pao, (torr) 411 +57 348 + 76 254 + 102 231 + 125 206 + 76 350 + 104 
Paco, (torr) 37 +5 38 +6 37 +6 37 +5 39 +7 38 + 8 
P¥o, (torr) 52 +46 60 + 12 54+ 10 54413 52412 55 + 11 
Vo, (mi/min/m*) 103 + 16 96 + 16 98 + 19 99 + 21 5.15 103 + 14 
Cardiac index (L/min/m*) 2.74 +0.65 3.09 +0.64 2934055 298+075 286+066 2.84+063 
PVR (torr-min-m7*) 2.51 +0.84 2524075 2.794114 3.02+103 2.704047 2.30+0.89 
Heart rate (beats/min) 76 4 15 85 12 87 +14 87 +16 86 +19 79413 


Rr TT Te ee ee ee eee nn nnn enn nn era AAAA AAAA AA aAA 


* Values are means + SD. Abbreviations used are: 2 lungs, both lungs ventilated; 1 lung, only dependent lung ventilated. 


TABLE 2 
Group 2: 12 Patients without Oxygen Insufflation* 


manninn mba PARA PAA rch VE SSS SPE unr hv HOOP OHIO HRI AA LN SUS Si essen rA AAAA AAAA 


Index STEA ites 


Time without insufflation 








15 min (2 lungs} 5 min (1 lung) 15 min (1 fung) 30 min (1 lung) 45 min (t iung) 15 min (2 lungs) 


snan eaat AAAA aaa aaaea AAAA eA aane AAAA 


Qs/Q; (%) 12°25 30 + 8 
Pao, (torr) 383 + 56 274 + 97 
Paco, (torr) 38 +5 40 +6 
PVo, (torr) 5445 5S9 £ 15 
Vo, (mi/min/m*) i1227 100 + 28 
Cardiac index (L/min/m*) 2.75 +0.42 3.38 + 0.84 
PVR (torr-min-m*°) 2.71 +0.92 2.82 241.33 
Heart rate (beats/min) 1G + 10 88 + 14 


39 + 15 43.2 15 42413 256 +7 
181 + 103 145 + 101 141 + 107 306 + 74 
43+ 43410 44 + 12 43 +10 
53 20 48 + 10 48+9 56 +6 
105 16 107 + 16 109 + 20 105 + 10 
3.49+069 3.37 +089 3.25+082 3.05 + 0.69 
3.31 +4 1.29 3.2441.22 3.5642.87 3.20 + 1.56 
90 + 14 92+ 14 87 + 18 81+ 17 





* Values are means + SD. Abbreviations are defined in footnote to Tabie 1. 
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al 
2 Lungs 1 Ling 2 Lungs 
Fi@ 1. Plot of mean (SD) intrapulmonary shunt against time 
for insufflated and non-insufflated patients. Preoperative data 
plotted merely to illustrate similarity of both groups In prestudy 
period. Statistically significant differences (p < 0.05) between 


two groups of patients during one-lung ventilation occurred at 
15, 30, and 46 minutes. 


e-—~@ Insuffleted (42 coses) 
Omt) Nor Insuffiated ( 12 cases) 


2 8 & 


Mean PaO, (Torr) 


— 
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Fia 2. Plot of mean (+SD) arterial oxygen tension against time 
for insufflated and non-insufflated patients. Preoperative data 
plotted merely to illustrate similarity of both groups In prestudy 
period. Statistically significant group differences (p < 0.05) 
occurred during period of one-lung ventilation. 


peated measures analysis of variance technique 
showed a statistically significant interaction between 
the two groups (p < 0.01). This implies that the two 
groups behaved differently over time. For this reason 
the data were subjected to the Newman-Keuls mul- 
tiple comparisons analysis, which showed a signifi- 
cant difference between groups at 15, 30, and 45 
minutes into the period of OLV (p < 0.05). At these 
times the patients in group 1 (insufflated) had a 
significantly lower shunt fraction than those in group 
2 (non-insufflated). 

None of the other factors subjected to repeated 
analysis of variance showed significant interaction. 
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Fia 3. Distribution of maximum measured intrapulmonary shunt 
for each patient during one-lung ventilation. Comparison of 
distribution for insufflated and non-insufflated patients is shown. 
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Fig 4. Distribution of minimum measured arterial oxygen ten- 
sion for each patient during one-lung ventilation. Comparison of 
distribution for insufflated and non-insufflated patients is shcwn. 


2 300 


However, Pao, was the only variable without interac- 
tion that exhibited a significant difference between 
groups (p < 0.05). No interaction indicates that both 
groups responded in similar fashion over time. The 
statistically significant group effect indicated that the 
Pao, in group 1 (insufflated) was consistently different 
(higher) from that in group 2 (non-insufflated) over 
time. 

Paco, Vo, and PVR were the only variables ana- 
lyzed that showed no significant time effect. All other 
variables showed a statistically significant time effect 
(p < 0.05). Cardiac index, oxygen delivery, heart rate, 
MPAP, and PAWP showed a significant increase with 
time on OLV. MAP, LVSWI, and SVR all decreased 
significantly with time. Pvo, was the only variable that 
exhibited an initial increase and a subsequent de- 
crease with time during OLV. Although these varia- 
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bles had time effects, none had significant group 
effects. 


Discussion 


The results of this study show that: (a) there was a 
significant increase in Q,/Q, and decrease in Pao, 
with and without oxygen insufflation as a function of 
time during OLV, (b) peak increases in Q./Q; oc- 
curred after 30 minutes of OLV in the patients that 
were not insufflated and at 45 minutes in the patients 
who received oxygen insufflation, (c) the increase in 
Q./Q: was significantly greater in patients who did 
not receive oxygen insufflation during OLV, and (d) 
Pao, showed a significant group effect and was con- 
sistently lower in patients not given oxygen by insuf- 
flation than in patients in whom oxygen was insuf- 
flated. 

No previous study has evaluated the effects on 
Pao, and Q,/Q, of continuous insufflation of oxygen 
to the nonventilated lung under clinical conditions 
during OLV. O’Shea et al (5), using patients as their 
own controls, demonstrated that hypoxemia can be 
reversed by intermittent inflation of the nonventilated 
lung with oxygen. Capan et al (8), by insufflating 
oxygen with PEEP of 10 cm HO into the nonventi- 
lated lung, also improved arterial oxygen tension 
levels during OLV. Both O’Shea and Capan and their 
co-workers attempted to determine the effects of 
oxygen insufflation to the nonventilated lung; O’Shea 
et al concluded that oxygen insufflation under positive 
pressure to the nonventilated lung did not improve 
Pao, levels after 10 minutes of deflation. All patients 
in their study also received PEEP of 4 cm HO to the 
ventilated lung throughout. Capan et al concluded 
that oxygen insufflation to the nonventilated lung 
without positive pressure did not improve Q;/Q; or 
Pao, levels whether PEEP was applied to the ventilated 
lung or not. These discrepancies may be the result of 
previous manipulations and the extended time of 
OLV due to the fact that patients were used as their 
own controls. Surgical manipulation was also discon- 
tinued 5 to 10 minutes before sampling, thus intro- 
ducing into the experimental design an additional 
variable from the usual clinical situation. 

The present study was designed to evaluate the 
effects on Qs/Q; and Pao, of continuous oxygen in- 
sufflation to the nonventilated lung during OLV in 
two similar groups of patients in clinical situations. 
The observed beneficial effect on Q./Q; and Pao, 
levels of continuous oxygen insufflation to the non- 
ventilated lung during OLV could be due to the fact 
that significant numbers of alveolar capillary units in 


the nonventilated lung contribute to the shunt fraction 
and that these capillary units are in continuity with 
the proximal airway and thus benefit from oxygen 
insufflation. 

All lobectomies in this study were performed in the 
lateral decubitus position, and during OLV the oper- 
ative lung was allowed to collapse. Ventilation of the 
dependent lung only can lead to arterial oxygen de- 
saturation even with the use of high concentrations of 
inspired oxygen (9). If significant perfusion to the 
nonventilated lung persists, arterial desaturation 
would occur due to ventilation perfusion (V/Q) mis- 
match or right-to-left intrapulmonary shunting (10). 
Several factors are important in decreasing perfusion 
to the nonventilated lung. Hydrostatic pressure rela- 
tionships in the pulmonary artery in the lateral de- 
cubitus position tend to cause preferential perfusion 
of the dependent lung (11). Hypoxic pulmonary vaso- 
constriction (HPV) tends to redistribute blood to lung 
regions with higher alveolar oxygen tensions (12, 13). 
As the nonventilated lung collapses, the radii of vas- 
cular structures decrease, leading to increased PVR 
and redistribution of blood flow to ventilated areas of 
lung (10). As the nonventilated lung collapses, atelec- 
tasis resulting in right-to-left intrapulmonary shunt- 
ing due to gravitational effects has also been reported 
(14, 15). Volatile anesthetic agents block HPV in man 
(13) although reports on their ability to block HPV in 
animal studies are conflicting (12, 16). 

Randomization of patients and standardization of 
procedures according to a protocol were used to 
minimize inadvertent differences between the two 
groups that might have introduced bias into the re- 
sults. Similarity of preoperative data in both groups 
of patients cannot explain the statistical differences 
observed in the two groups. 

During the study Paco,, Vo,, and PVR did not 
change significantly between the two groups of pa- 
tients nor did they change significantly with time. 
Elevation in the MPAP can result in redistribution of 
blood flow from the ventilated to the nonventilated 
lung by decreasing the beneficial effects of the hydro- 
static presure in the pulmonary artery (11). No signif- 
icant difference in the MPAP between the two groups 
was detected. Decreased cardiac output in the pres- 
ence of V/Q mismatch or absolute shunt results in an 
additional decrease in Pao, (17). Again, no significant 
difference in cardiac index was demonstrated between 
the two groups during the procedure. No other index 
likely to affect the degree of Q./Q, differed signifi- 
cantly between the two groups of patients. The ob- 
served increase in cardiac index, heart rate, MPAP, 
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PAWP, and oxygen delivery, together with the de- 
crease in PVo,, MAP, LVSWI, and SVR with time is 
a function of the physiologic response to this anes- 
thetic and surgical procedure and did not differ sig- 
nificantly between the two groups. 

Therefore, it seems probable that even during col- 
lapse of the lung, some alveolar capillary units remain 
in continuity with the proximal airways, facilitating 
gas exchange during oxygen insufflation and reducing 
intrapulmonary shunting during OLV. 

In conclusion, continuous insufflation of oxygen to 
the nonventilated lung during one-lung ventilation, in 
the absence of PEEP to either lung, effectively mini- 
mized the degree of intrapulmonary shunting and 
attenuated the decrease in arterial oxygen tension 
over the first 45 minutes of one-lung ventilation in 
the vast majority of patients. This simple and inex- 
pensive technique can be applied to patients undergo- 
ing one-lung ventilation with beneficial results. 
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BAELE, P. L., MCMICHAN, J. C., MARSH, H. M., Siti, J. C., AND SoOuTHORN, P. A.: Continuous monitoring of mixed 
venous oxygen saturation in critically ill patients. Anesth Analg 1982;61:513-7. 


A new puimonary artery balloon flow-directed catheter combines a fiberoptic photometric system for continuous 
display of mixed venous blood oxygen saturation (SVo,) with the capacity for hemodynamic measurements including 
thermodilution cardiac output estimation. This oximetry system was studied to determine its accuracy, reliability, and 
usefulness in the surgical intensive care unit (ICU). Twenty-two catheters were tested, but only 17 were successfully 
placed in 16 patients. There were technical problems associated with 10 catheters and on six occasions these 
necessitated the use of another catheter. The catheter values for SVo, were closely related (r = 0.9516) to those 
obtained from a laboratory Co-oximeter. Continuous monitoring of SVo, is accurate and valuable as a warning system 
for deterioration in cardiopulmonary function and as an indicator of the effects of various therapeutic maneuvers in 


critically ill patients. 


Key Words: MEASUREMENT TECHNIQUES: venous oxygen; OXYGEN: mixed venous. 





REVIOUS studies have described in vivo contin- 

uous monitoring of mixed venous blood oxygen 
saturation (SVo,) by fiberoptic reflectometry. The 
method was introduced as a promising tool in various 
clinical situations including diagnostic cardiac cathe- 
terization (1, 2) and intraoperative and postoperative 
monitoring in cardiac surgery (3, 4). Technical prob- 
lems have, however, delayed clinical investigation and 
the widespread use of the technique. Technical prob- 
lems included catheter stiffness, lack of thermodilu- 
tion cardiac output determination capability, difficult 
standardization, need for frequent recalibration, and 
fibrin deposits occluding the tip of the catheters. 

A new fiberoptic reflectometry system (Oximetrix, 
Mt. View, CA), connected to a thin umbilical catheter, 
has been described and evaluated in neonates (5). The 
instrument was found to be accurate, easy to stand- 
ardize, and reliable over long periods of time. Its rapid 
response time allowed its use as a guide for oxygen 
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therapy and assisted ventilation. This system has now 
been coupled to a new pulmonary arterial flow-di- 
rected catheter (Oximetrix Opticath), combining the 
fiberoptic reflectometric system for continuous dis- 
play of Svo, with the capacity for hemodynamic meas- 
urements including thermodilution cardiac output es- 
timation. This paper presents our initial evaluation of 
the accuracy of this device and its usefulness in the 
clinical care of critically ill patients. 


Methods and Materials 


The system for reflection spectrophotometry has 
been described in detail elsewhere (5). In brief, light- 
emitting diodes generate alternating pulses of three 
different wavelengths (between 600 and 1000 nm), 
244 times per second. The light is transmitted to the 
tip of the catheter through a fiberoptic channel and is 
absorbed, refracted, and reflected by the red blood 
cells. A second fiberoptic channel conducts the re- 
flected light to a photodetector, Blood reflectance 
changes with variations in its colored constituents, 
e.g., hemoglobin, oxyhemoglobin, carboxyhemoglo- 
bin, sulfhemoglobin, and methemoglobin. The oxy- 
gen saturation of hemoglobin is derived by a com- 
puter from the relative intensities corresponding to 
the three different wavelengths. A digital readout 
shows the average value for the preceding 5 seconds 
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and is updated every second. A two-speed paper 
recorder allows further analysis of changes in satu- 
ration. Audible and visible alarms warn when light 
intensity varies. This may happen when the tip of the 
catheter faces a vessel wall, is in the wedge position, 
is covered with fibrin deposit, or when the fiberoptics 
are damaged. 

The catheter is #7% French in size and is con- 
structed from polyvinylchloride. It contains a distal 
(pulmonary arterial) and a proximal (right atrial) lu- 
men for pressure monitoring, blood sampling, or fluid 
injection. A thermistor is located approximately 3 cm 
from the tip and a 2-ml inflatable balloon is at the 
extremity. Two fiberoptic channels provide in vivo 
reflectometry. The catheter is calibrated either before 
insertion by using a reference surface supplied with 
the catheter, or after insertion by adjustment to Svo, 
determinations made by a reliable Co-oximeter on 
pulmonary arterial blood samples. 

Twenty-two catheters were tested. Five were ex- 
cluded from the study because of problems occurring 
at the time of insertion. These are indicated by “0” in 
the Table; therefore, 17 catheters were evaluated. 
These 17 catheters were placed in 16 critically ill 
adults who required hemodynamic monitoring. At 
the time of the study, 13 patients were in acute 
respiratory failure from a wide variety of causes and 
all required mechanical ventilation with oxygen-en- 
riched air. 

Using an aseptic technique, each of 17 catheters 
was inserted via a #8 French introducer (Cordis) into 
a central vein (6) via either the internal jugular or 
subclavian approach. The correct position of the cath- 
eter in the pulmonary artery was assessed by pressure 
wave form monitoring and confirmed by roentgen- 
ography. Seven catheters were calibrated before in- 
sertion, the others after insertion. If the system had to 
be disconnected from its power source, recalibration 
was performed during use. 


TABLE 
Technical Problems with Catheters* 


Incidence Time after Insertion 
hr 


Hold-up in right ventricle 3 Ot, OF, OF 
Balloon rupture 3 OT, 26, 44T 
Thermistor failure 1 TT 
Broken fiberoptics 2 0, 52 
Occluded lumen 1 56 

Total 10 


* Zero indicates during insertion. 
+ Problem necessitated use of another catheter. 
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A continuous infusion of heparinized 5% dextrose 
in water (4 ml/hr) was used to prevent occlusion of 
the catheter lumina. The pulmonary arterial pressure 
wave form was continuously displayed until removal 
of the catheters. Samples of pulmonary arterial blood 
(2 ml) were withdrawn slowly through the distal 
lumen on 124 occasions and analyzed in vitro for 
SVo, using a four-wavelength photometric method (IL 
282 Co-oximeter). This instrument was calibrated 
daily with commercially available reference solutions. 
The laboratory values (in vitro values) of Svo, were 
compared, by linear regression analysis, with coinci- 
dent readings of the fiberoptic system (in vivo values). 
In vivo and in vitro values of Svo, were also obtained 
at the time of cardiac output estimations. 

This work was performed in accordance with the 
ethical standards of the Human Studies Committee of 
the Mayo Clinic. 


Results 


Accuracy of Fiberoptic Oximeter System 


The regression analysis of the 124 paired in vivo 
and in vitro SVo, measurements (Fig 1) shows a good 
correlation {r = 0.9516, Sy-x = 3.562). 

The Student’s paired t-test disclosed that the dif- 
ferences observed between results obtained with the 
two methods were not statistically different from zero 
(p = 0.472). 

The catheters were left in place for an average of 
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Fia 1. Mixed venous oxygen saturation (SVo,) as calculated in 
the laboratory (LAB) plotted against value obtained from oxi- 
metry system (catheter). r = correlation coefficient. 





BAELE ET AL 


40 hours (range: 1 hour 20 minutes to 102 hours). 
With the exception of accidental damage to the fiber- 
optics (two catheters) or disconnection, the system 
functioned well until the end of the study in every 
case. Damage to the fiberoptics did not prevent use 
of the catheter for hemodynamic monitoring and 
cardiac output estimation. 

The system was not recalibrated once in place and 
functioning. The difference between in vivo and in 
vitro measurements was within +4% or 82% of paired 
values and Svo, increased by 0.6% of saturation for 
each 24 hours the catheters were in place (Fig 2). As 
the manufacturer suggests recalibration once a day, 
the observed drift should be considered clinically 
insignificant. 

The following factors were shown by multivariate 
analysis not to affect the accuracy of the system: 
method of calibration, hemoglobin concentration, 
body temperature, and cardiac index. 


Technica! Performance of Catheters and 
Complications 


Twenty-two catheters were tested. Problems that 
arose with 10 catheters are presented in the Table. As 
previously mentioned, five problems occurred at the 
time of insertion and prevented further study of those 
particular catheters. Three of these could not be 
passed from the right ventricle into the pulmonary 
artery. The use of fluoroscopy disclosed that these 
catheters tended to lodge in the apex of the ventricle. 
In one instance the balloon had to be deflated in order 
to pass from the right ventricle to the pulmonary 
artery. Among the remaining 17 catheters, five addi- 
tional problems were encountered (Table). 

Premature ventricular contractions or short epi- 
sodes of ventricular tachycardia (three patients) were 
associated with the placement of 14 catheters. Eight 
patients required lidocaine during passage of the cath- 
eter through the right ventricle. One patient, with 
severe chest trauma, successively developed a right 
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Fig 2. Percentage difference between in vivo and in vitro SVo, 
as function of duration of catheter in pulmonary artery. 


bundle branch block, ventricular tachycardia, and 
sinus bradycardia. 


Clinical Applications 


Continuous measurement of Svo, provided assess- 
ment of the efficacy of many therapeutic maneuvers 
as well as a means of detecting changes in oxygen 
delivery deserving of urgent clinical response. Exam- 
ples follow. 

Routine nursing procedures such as patient turning 
and patient bathing frequently result in rapid and 
large decreases in SVo, (Fig 3). The mechanism for 
this can be partly explained by increased peripheral 
utilization of oxygen associated with muscular activity 
and also altered ventilation-perfusion matching in the 
lung. 

In a patient with acute respiratory failure requiring 
mechanical ventilatory support and positive end-ex- 
piratory pressure, discontinuance of this support for 
a short period resulted in a decrease in the value of 
SVo, from 58% to 32%. After the previous mechanical 
ventilatory support was resumed, 10 minutes elapsed 
before the original value of SVo, was obtained (Fig 4). 

On the assumption that respiratory gas exchange 
and peripheral oxygen utilization remain constant, 
Svo, can be a valuable indicator of cardiac function. 
In a patient who was hypovolemic following surgery, 
alterations in cardiac output can be inferred from and 
demonstrated by changes in Svo, following the ad- 
ministration of intravenous fluids (Fig 5). 

The use of the oximetry system as a warning device 
for impending severe cardiopulmonary failure has 
been documented. In this example (Fig 6), SVo, de- 
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FiG 3. Effect on SVo, of suctioning tracheal tube (a), bathing 
and weighing (b), and turning patient and changing bed linen 
(c). Note prolonged duration of Svo, < 60%. 
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Fig 4. Cessation of mechanical ventilation during measurement 
of pulmonary wedge pressure produced immediate decrease in 
SVo,. * indicates catheter balloon inflated. 
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Fig 5. Effect of successive 100-ml intravenous boluses of lac- 
tated Ringer's solution (arrow ‘‘a'') to reverse downward trend 
in SVo, and subsequent maintenance of normal SWo, by in- 
creased rate of infusion of same solution (arrow ‘‘b''). * indicates 
catheter balloon inflated to measure pulmonary wedge pressure. 


creased rapidly over a period of 20 minutes before 
cardiac arrest occurred. 


Discussion 


Accuracy of Catheters 


Two previous evaluations of this fiberoptic oxime- 
ter have been reported, the first using a thin umbilical 
catheter to monitor aortic blood saturation in neonates 
(5) and the other using a pulmonary arterial flow- 
directed thermodilution catheter during and after car- 
diac surgery (7). In these studies oxygen saturation 
was rarely less than 60%. 
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Fig 6. Gradual decline in SVo, over 20 minutes heralded onset 
of cardiac arrest (arrow) for which resuscitation was successful. 


The current study was performed in an intensive 
care setting in a group of critically ill patients. It 
demonstrates the accuracy of this device over a wide 
range of values of SVo, (Fig 1). In the conditions 
encountered during the study, hemoglobin concentra- 
tion, body temperature, and cardiac output did not 
affect the accuracy of the system, which showed a 
drift of less than 1% of saturation per day. Daily 
recalibration should diminish this source of error. 

Both catheter design and inexperience with this 
particular type of pulmonary arterial catheter may 
have contributed to the high incidence of catheter 
failures. A second generation of catheters has been 
produced since this study was performed and, in our 
experience, the incidence of technical problems has 
now lessened with these new catheters. However, the 
catheters are still relatively stiff and this may be partly 
responsible for difficulties encountered in passing the 
catheter into the pulmonary artery and for some of 
the failures occurring after placement. In the light of 
our experience, we suggest special care in the handling 
of the catheter balloon, consideration of the right 
jugular route for its insertion, and availability of 
fluoroscopy during placement. 


Clinical Applications 


The degree of hemoglobin oxygen saturation in 
mixed venous blood is an indicator of oxygen transfer 
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across the alveolar capillary membrane in the lung, of 
cardiac output, and of peripheral tissue utilization of 
oxygen. Oxyhemoglobin saturation also depends on 
the shape of the oxyhemoglobin dissociation curve 
which reflects the hemoglobin affinity for oxygen, the 
latter varying with pH; arterial carbon dioxide tension; 
temperature; and the level of 2,3-diphosphoglyceric 
acid in erythrocytes. Mixed venous oxygen saturation 
thus reflects pulmonary and cardiac function, tissue 
blood flow, and oxygen consumption. A decrease in 
Svo, can be due to decreased oxygen transfer at the 
lung, decreased oxygen transport to the tissues, or 
increased tissue utilization of oxygen. An increasing 
SVo, indicates improvement in pulmonary oxygen 
uptake or cardiac output or decreased peripheral ox- 
ygen utilization such as that associated with a decrease 
in body temperature, cyanide poisoning (8), and sep- 
Sis. 

The relationship between mixed venous oxygen 
saturation or content and cardiopulmonary function 
can be demonstrated by rearranging the Fick equation 


as follows: 

CVo, E Cap, S L 
: * CO 

where Cvo, and Cao, are the mixed venous and arterial 
contents of oxygen, Vo, is oxygen consumption, and 
CO is cardiac output. Appreciation of this relationship 
provides a basis for understanding changes observed 
by continuous monitoring of Cvo,. The factors in this 
equation are interdependent. Changes in one may 
produce compensatory changes in another without an 
alteration in Cvo,. For example, a decrease in Cao, 
may be fully compensated for by an increase in CO. 
The Oximetrix oximetry system provides the means 
for continuous monitoring of both Svo, and CO. 
These data, combined with an arterial blood gas anal- 
ysis, provide detailed information regarding oxygen 
delivery to and extraction by the tissues. The system 
can thus be used both as a monitor of therapeutic 
maneuvers and as an alarm device for important 
changes in cardiopulmonary function. A value of 
Svo, less than 60% in the presence of adequate respi- 
ratory gas exchange indicates inadequate cardiac 


function (4) or high tissue oxygen consumption. It is 
now our practice to ask the nursing staff to inform 
the doctor immediately if the value of SVo, decreases 
to less than 60% and it is at this level that we routinely 
set the lower limit alarm on the computer. 

In conclusion, our initial studies of the reflectance 
oximetry system show that continuous monitoring of 
mixed venous blood oxygen saturation is feasible and 
accurate over a wide range of mixed venous oxyhe- 
moglobin saturation values. Although technical prob- 
lems were frequently encountered with the original 
design of the catheters, we nevertheless found the 
system to be a valuable indicator of the effects of 
therapeutic maneuvers on cardiopulmonary function 
and a useful warning system for deterioration in these 
functions. These features, combined with its rapid 
response time, characterize a monitoring system that 
will be of value for the care of the critically ill patient. 
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Painful Trigger Points in Surgical Scars 


Ray J. Defalque, MD* 


DEFALQUE, R. J.: Painful trigger points in surgical scars. Anesth Analg 1982:61:518~—20, 


A group of 69 patients with painful trigger points In operative scars were treated following abdominal, inguinal, lumbar, 
or extremity surgery. Patients undergoing thoracotomles, neurosurgical procedures, or limb amputations, and patients 
with neurotic features or seeking secondary gains were excluded. The diagnosis was made by finding one or more 
definite, consistent, tender trigger points in the scar in which total, transient relief of pain was provided by Injection of 
bupivacaine. Repeated injections of alcohol into the trigger point proved to be a simple, safe, and effective treatment 
with permanent cure or marked improvement in 63 (9196) patients. 


Key Words: PAIN: trigger points; ALCOHOL: injection. 


AINFUL surgical scars remain a subject of con- 

fusion in the medical literature (1-5). One cause 
of painful scars, we believe, is the presence in the 
incision of one or more definite, exquisitely tender, 
trigger points, probably small scar-entrapped neuro- 
mas of terminal branches of a sensory nerve. We 
present our clinical findings and treatment of this 
syndrome in 69 patients. 


Clinical Material 


From a group of patients with painful postoperative 
scar seen between 1969 and 1978 we chose 69 patients 
who met the following conditions: (a) Palpation of the 
scar elicited one or more painful trigger points. Two 
injections of those points with bupivacaine produced 
complete, although transient, pain relief. (b) The scar 
resulted from surgery in the inguinal (32 cases), ab- 
dominal (14 cases), or lumbar (16 cases) areas or in an 
extremity (two arms, five legs). Patients undergoing 
thoracotomies, operations on peripheral nerves, or 
limb amputations were excluded. (c) Patients no 
longer working or seeking compensation, and those 
with neurotic features were also excluded. The rea- 
sons for this rigid selection are presented in the 
discussion. 

There were 45 male and 24 female patients between 
the ages of 23 and 48 (average 36) years. Each patient 
had consulted at least two physicians (maximum 
seven) over a period of 7 months to 4 years. Forty- 
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seven patients had been told that their pain was 
functional, seven had been referred to a psychiatrist, 
and nine to a pain clinic. 


Symptoms 


The symptoms of the 69 patients were remarkably 
similar and consistent. (a) The pain appeared 1 to 5 
(average 2) weeks after surgery. It rapidly reached its 
maximal intensity and remained „unchanged. It did 
not respond to local applications of heat or cold. Non- 
narcotic analgesics gave insufficient relief. (b) The 
pain was a severe, gnawing ache, often with a burning 
component. Skin hyperesthesia was common. The 
discomfort was constant but was aggravated by pas- 
tures or movements that tensed the muscles or fasciae 
incised at surgery, e.g., deep breaths, changes in pos- 
ture, defecation, intercourse, twisting of the trunk, 
reaching for highly placed objects, etc. The patients 
quickly learned to avoid most of these movements. In 
13 (19%) patients those motions not only aggravated 
the pain but also produced paresthesiae along the 
dermatome of the incision. (c) Thirty-four (49%) pa- 
tients consistently pointed to a specific place in their 
scar as the source of their pain; the 35 (51%) others 
were less accurate or consistent in locating their pain. 
(d) Systematic, deep palpation of the scar with the 
blunt tip of a pencil elicited at least one sharply 
localized, consistent trigger point. Pressure on that 
point reproduced and aggravated the spontaneous 
pain, and in 48 (69%) patients it caused anterograde 
and/or retrograde paresthesiae in the sensory der- 
matome of the incision. All but three patients had a 
single trigger point. Two patients had two trigger 
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points and a third patient had three trigger points in 
her vertical cholecystectomy incision. (e) Sixty-one 
(88%) patients had a least one unsightly area in their 
scar, often the result of a small wound infection. In 
57 patients the trigger point was situated in that area; 
in four others the painful scar resulted from a stab 
wound made to insert a drain. 


Diagnosis 


The trigger point was precisely located by repeated 
palpation of the scar and marked with a skin pencil. 
A 25-gauge, 4-cm long or a 22-gauge, 6-cm long 
needle was inserted perpendicular to the skin at that 
mark and slowly advanced with small, fanwise thrusts 
until its tip was felt to enter a hard nodule of scar 
tissue and simultaneously caused sharp pain and par- 
esthesiae. This occurred at a depth of 1.5 to 4.5 cm. 
Each patient located that trigger point without hesi- 
tation. Then 1 to 3 ml of bupivacaine 0.75% with 
epinephrine 1:200,000 was injected in the nodule, 
reproducing pain and paresthesiae. An injection was 
given in each point of the three patients with multiple 
trigger points. The patients, unaware of the duration 
of action of the injected bupivacaine, were asked to 
time the recurrence of their pain. In all patients one 
block produced complete pain relief and a small area 
of anesthesia lasting for 6 to 10 hours. A second 
bupivacaine block was repeated a few days later with 
similar results. 


Treatment 


Absolute alcohol (1 ml) in a tuberculin syringe was 
injected over a 10-minute period in each trigger point 


after it had been located again with the 25- or 22- 


gauge needle (73 points, 69 patients). All patients 
complained of an excruciating, burning pain and of 
paresthesiae during and up to 5 minutes after the 
alcohol injection. Seventeen patients received small 
intravenous doses of fentanyl before and during the 
block. All remained supine and quiet for 30 minutes 
after the injection to prevent the diffusion of the 
alcohol and thus enhance its efficacy. Most alcohol 
blocks had to be repeated to produce permanent relief 
(see Results”). An identical protocol was followed 
for the subsequent blocks. 


Results 


The results were ascertained by repeated interviews 
for at least 12 months after the last block. Six (9%) 
patients had no permanent improvement after six 
alcohol injections. Each block produced only a few 


days of relief. No other treatment was recommended 
and the benign nature of their syndrome was empha- 
sized to those patients. Sixty-three (91%) patients had 
improvement at the 12-month interview. (a) In 16 
(23%) the severe pain and the paresthesiae were gone 
but some discomfort or ache persisted, especially with 
the movements or postures straining the incision. (b) 
In 47 (68%) patients the pain and the paresthesiae had 
completely disappeared. 

Of the 63 improved or cured patients, six required 
one alcohol block, nine received two blocks, 38 had 
three blocks, and 10 needed four to six blocks. The 
first alcohol block generally lasted from a few days to 
a few weeks; subsequent blocks lasted from a few 
weeks to several months. Thirteen patients had a 
small area of numbness in and around the incision 
but did not find it uncomfortable. There were no 
other complications. 


Discussion 


The location of the trigger points in a hard nodule 
of scar, the neuralgia and paresthesiae reproducible 
by needling of that nodule, the distribution of the 
paresthesiae, and the total pain relief produced by 
small amounts of anesthetic or neurolytic agent sug- 
gest that the trigger points are scar-entrapped neuro- 
mas of small cutaneous branches of a sensory, or 
mainly sensory, nerve, viz: (a) the ilioinguinal or 
genitofemoral nerves in the inguinal area, (b) the 
anterior or lateral cutaneous branches of the lower 
(T8-12) intercostal nerves or of the iliohypogastric 
nerve following abdominal or lumbar incisions, and 
(c) the lateral antebrachial cutaneous or radial nerve 
in the forearm, and the saphenous or the posterior 
femoral cutaneous nerve in the leg. 

The depth of the trigger points and the texture of 
the surrounding tissue as revealed by needle probing 
suggest that those neuromas lay in, or just outside, a 
myofascial plane, e.g., the posterior rectus sheath or 
the transverse muscle or its aponeurosis in the trunk, 
and the superficial fasciae in the extremities. Such 
small neuromas have been mentioned elsewhere (1- 
3, 5) as a cause of postoperative scar pain. 

We emphasize that alcohol blocks are not a panacea 
for every incisional pain and that they only provided 
safe and successful treatment in the small, scar-en- 
trapped neuromas described here. Painful scars have 
various other causes. Some scars, for instance, are 
excruciatingly painful, tender, and dysesthetic over 
their entire length without any detectable trigger 
point. The cause of this syndrome remains unknown 
and its treatment frustating (1, 2). Large nerves may 
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be damaged during an operation or become entrapped 
by surgical scar, as in the ilioinguinal, genitofemoral, 
or femoral neuropathies seen after a herniorrhaphy 
(6). Painful neuromas also occur after surgical section- 
ing of any large nerve (6). The mechanism of the 
intercostal neuralgias seen after thoracotomy remains 
undefined; central factors have been suggested to 
explain their intractability (6). And, finally, limb am- 
putations often produce large and very painful neu- 
romas. Their etiology, too, is complex and probably 
often involves central factors (6). Because those neu- 
ropathies have an intricate etiology and because they 
involve large, mixed nerves for which alcohol blocks 
are ill-advised (motor loss, anesthesia dolorosa, alco- 
hol neuritis), they must be carefully distinguished 
from the small neuromas described here. Patients 
whose surgery may have led to those neuropathies as 
a cause of painful scar were excluded from our group 
(thoractomies, limb amputations, peripheral neuro- 
surgery). 

We also stress that no more than 1 ml of alcohol 
was injected and that all the trigger points were at 
least 1.5 cm under the skin. Superficial injection of 
large volumes of neurolytics inevitably leads to skin 
necrosis. 

Our treatment has two drawbacks. First is the 
severe pain produced by the injection of alcohol in a 
patient who must remain alert to help locate the 
trigger point; this, however, can be alleviated by 
reassurances that the pain is brief and by the generous 
use of intravenous fentanyl. Second is the need to 
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repeat the block in most patients, a fact noted else- 
where (5). Lest they become discouraged, both the 
patient and the physician must accept the possibility 
of the need for repeated injections of alcohol at the 
outset of the treatment. 

Excluding patients with neurotic features or those 
seeking secondary gains certainly increased our suc- 
cess rate. However, we initially wanted to evaluate 
our treatment in highly favorable conditions, This 
restriction must be kept in mind when reviewing our 
results or when treating other patients. 

Other treatments for painful, small incisional neu- 
romas have been tried, including systemically admin- 
istered drugs, physiotherapy transcutaneous electrical 
nerve stimulation (TENS), and repeated blocks with 
local anesthetic solutions, but the results have been 
disappointing (1-5). We feel that alcohol blocks, de- 
spite our reluctance to use them for a benign condi- 
tion, are justified because of their simplicity, safety, 
and high rate of success. 
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Comparison of Hemodynamic and Hormonal Effects 
of Large Single-Dose Fentanyl Anesthesia and 
Halothane/Nitrous Oxide Anesthesia for Coronary 
Artery Surgery 
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Fawzy G. Estafanous, MD§ 


ZURICK, A. M., URZUA, J., YARED, J.-P., AND ESTAFANOUS, F. G.: Comparison of hemodynamic and hormonal effects of 
large single-dose fentanyl anesthesia and halothane/nitrous oxide anesthesia for coronary artery surgery. Anesth 
Analg 1982;61:521-6. 


This study was conducted to compare our standard halothane/N2O anesthetic technique with large single-dose 
fentanyl (150 ug/kg)/Oz anesthesia in patients undergoing coronary artery surgery. We chose to look at two discrete 
stimuli (tracheal intubation and sternotomy) and measured changes In mean arterlal pressure, heart rate, mean 
pulmonary artery occluded pressure, PAO cardiac output, derived indices (stroke volume, rate-pressure product, 
systemic vascular resistance, and changes In the plasma concentrations of growth hormone, epinephrine, norepi- 
nephrine, and renin activity. Both groups of patlents were comparable in age, height, weight, and surface area. 
Varlance In hemodynamic functlons did not reach undesirable levels in either group. In the patients given fentanyl, 
there was a significant Increase in heart rate after pancuronium administration. Mean arterial pressure and mean 
pulmonary artery occluded pressure did not change significantly from control values In either group; however, there 
was enough divergence between groups for the changes to be statistically significant. Cardlac output decreased in 
both groups after sternotomy. There was no significant change in systemic vascular resistance in either group. The 
only significant hormonal change was a significant increase in plasma levels of growth hormone In patients who 
received halothane/N2O for anesthesia (p < 0.001). Plasma fentanyl concentrations decreased rapidly after bolus 
administration consistent with pharmacokinetics previously described. Of the 10 patients given fentanyl two were 
aware during sternotomy; of the 12 patients in the halothane group none had awareness. We believe that large-dose 
fentanyl offered better preservation of coronary perfusion and more attenuation of the hormonal flux observed with 
stress than halothane/N2O anesthesia. Large-dose fentanyl may offer more advantages in patients with greater 
ventricular impairment. 


Key Words: ANALGESICS: fentanyl; ANESTHETICS, Volatile: halothane; ANESTHESIA: cardiovascular. 


PIATES have a long history of use in clinical doses of opiates as a primary anesthetic is relatively 


anesthesia (1), but the administration of large 
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recent, especially for anesthesia in cardiac surgery (2). 
Large doses of morphine and fentanyl have become 
particularly popular for anesthesia for cardiac surgical 
procedures (3, 4). With the development of new syn- 
thetic opiates, there is urgent need for objective data 
documenting the hemodynamic and hormonal 
changes induced by anesthetic doses of narcotics (5). 
It has been reported that fentanyl when used in large 
doses (50 to 100 pg/kg) for induction of anesthesia is 
associated with little or no change in measured he- 
modynamic indices (1, 6). Large-dose fentanyl has 
also been associated with blunting of the normal 
hormonal responses associated with the stress of an- 
esthesia and surgery (6). This has prompted some to 
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label large-dose fentanyl as a “stress-free” anesthetic. 
By comparing large-dose fentanyl with our standard 
halothane/nitrous oxide technique we sought to de- 
termine whether significant differences in hemody- 
namic stability or hormonal changes occurred in car- 
diac surgical patients given different types of anesthe- 
Sia. 


Methods 


Institutional approval and written consent for ad- 
ditional blood sampling during the operation were 
obtained from all patients. . 

Twenty-two patients with symptomatic athero- 
sclerotic coronary artery disease undergoing elective 


coronary revascularization operations were prospec- . 


tively studied (Table 1). All patients were white men. 
Anesthesia for all was induced between 7:30 and 
10:00 a.m. to minimize changes due to circadian var- 
iation in growth hormone levels. None had hyperten- 
sion, diabetes, or any associated pathology. Ventric- 
ular function was angiographically classified as nor- 
mal or mildly impaired. All patients were receiving 
therapy for angina; 17 received propranolol, 40 to 160 
mg daily, including on the morning before surgery. 
All patients received morphine sulfate, 0.15 mg/kg, 
and scopolamine, 0.4 mg, intramuscularly for pre- 
medication. All patients also received nitroglycerin 
paste, 1% inch, with the preoperative medications. 

The patients were divided into two groups: Group 
1 was comprised of 10 patients, each of whom re- 
ceived large-dose fentanyl (150 pg/kg) for anesthesia. 
Group 2 was comprised of 12 patients, each of whom 
received halothane/nitrous oxide anesthesia. We 
measured systolic blood pressure (SBP), mean arterial] 
pressure (MAP), and diastolic blood pressure (DBP), 
pulmonary artery occluded pressure (PAO), central 
venous pressure (CVP), heart rate (HR), cardiac output 
(CO) by thermodilution, and collected blood samples 
for measurement of plasma levels of epinephrine, 
norepinephrine, growth hormone, renin activity, and 
fentany] at the following times: ( a) after all monitoring 
lines had been placed, immediately before induction 
of anesthesia; (b) 5 minutes following intubation of 
the trachea; and (c) 5 minutes following sternotomy. 

RA was measured by the rate of generation of 
angiotensin I (7). Catecholamine levels were deter- 
mined by radioenzymatic techniques (8). Growth hor- 
mone levels were determined by radioimmunoassay 
(9). Plasma fentanyl levels were determined by ra- 
dioimmunoassay (10). 

Patients in group 1 were anesthetized with 150 pg/ 
kg of fentanyl citrate as the sole anesthetic agent. The 
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TABLE 1 
Characteristics of Patients” 
Group 2 
Group 1 (fentanyl) (halott ) 

No. of patients 10 12 
Aget (yr) 58.7 + 2.1 56.2 + 2.2 
Height (cm) 189.4 +23 171.0 + 1.7 
Weightt (kg) 78.1 + 3.4 74.8 + 3.2 
Body surfacet (m7) 1.89 + 0.05 1.87 + 0.04 
No. of grafts 2.7 + 0.21 3.1 + 0.23 





* Values are means + SE. 
t Differences between groups not significant (p > 0.05) 


total fentanyl dose was infused via a peripheral intra- 
venous line as rapidly as possible (150 to 250 ml 
within 5 minutes). This corresponds to an infusion 
rate of 1500 to 2000 ug of fentanyl per minute. The 
patients breathed 100% Os via an anesthesia face 
mask. Muscle relaxants were given as follows: (a) 
pancuronium bromide, 1.5 mg IV, before the start of 
the fentanyl infusion; ( b) succinylcholine, 100 mg IV, 
when the patient failed to respond to verbal stimuli; 
and (c) followed by the remaining total dose of 0.1 to 
0.15 mg/kg of pancuronium bromide, concurrent with 
the infusion of the rest of the fentanyl. 

Muscle rigidity was prevented by this sequence. 
When all the fentanyl had been infused, tracheal 
intubation was performed. 

Patients in group 2 received sodium thiopental, 125 
to 250 mg IV, for induction of anesthesia. With loss 
of consciousness and loss of palpebral reflex the 
patients were ventilated using a face mask with 50% 
Oz and 50% nitrous oxide. They also received pan- 
curonium, 0.1 to 0.15 mg/kg. Halothane 4% to 5% 
was added depending on the hemodynamic re- 
sponses. When the systolic blood pressure had de- 
creased approximately 20% from control values, lar- 
yngoscopy was performed and the trachea intubated. 
Anesthesia was then maintained with halothane in a 
concentration of 0.5% to 2.0% in the inspired air 
depending on the hemodynamic response of the in- 
dividual patient. 

Seven patients in group 2 received 100 to 400 ug of 
nitroglycerin intravenously if systolic blood pressure 
increased 20% above control levels after intubation. 
Propranolol was given to five patients (two in group 
1 and three in group 2) for increases in HR above 110 
beats per minute. 

The following values were calculated from the he- 
modynamic measurements: systemic vascular resist- 
ance (SVR), stroke volume (SV), and rate-pressure 


product (RPP). 
The data were analyzed by means of the Student’s 
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t-test, both paired and unpaired, and p < 0.05 was tuations in cardiovascular functions could be ob- 





selected as the level of statistical significance (11). served between the times when measurements were 
-_ made. This was not the case with patients who re- 
“hs Results ceived fentanyl/Oz anesthesia. 
In Table 3 are presented the plasma levels of epi- 
Patients in both groups were comparable as to age, l : ; : ee 
l nephrine, norepinephrine, renin activity, growth hor- 
weight, body surface area, and number of grafts (Ta- ; 
ble 1) mone, and fentanyl observed in both groups of pa- 
ake . , tients. Statistically significant changes within a given 
Measured and derived hemodynamic values for ee ene ae ee 
l group are noted, as are statistically significant differ- 
both groups of patients are presented in Table 2. j ; 
make Beats ences between groups. In the Figure is shown that 
Statistically significant changes from control values ) 
a ee although plasma levels of growth hormone did not 
for each group are noted, as are statistically significant ; . 
, change from control levels in patients given fentanyl, 
differences between the groups. Although all the he- , alee i 
they increased significantly in those receiving halo- 
modynamic values reported here suggest that these 
i : thane (p < 0.001). 
anesthetics did not produce severe hemodynamic 
changes, induction was associated with considerable ; : 
ie Discussion 
deviations from the preinduction values in several 
patients in both groups. Therapeutic interventions This study evaluated two different anesthetic tech- 
4 were required for patients in both groups as noted niques in a highly selected group of white male 
above. Halothane anesthesia was characterized by a patients with coronary artery disease, with normal or 
slightly less stable cardiovascular course. Wide fluc- mild ventricular impairment, without any other med- 
TABLE 2 
Comparison of Hemodynamic Changes Produced by Fentanyl (Group 1) and Halothane (Group 2)* 
SER CORSETS AES NET Fe ROPE SP MUNN a  SLPSRO  E Sa B REI GEE  O D 
Parameter Group Before induction After intubation After sternotomy 
na a eRe me IT eS OR SEE a eS SCE eC 
HR (beats/min) 1 66 + 5.0 83 + 4.7+ 80 + 3.3t 
2 67 + 5.0 80 + 4.8 69 + 4.6 
SBP (torr) 1 141 +10 133 + 7.3 t 132 + 6.7 t 
2 132 + 7.2 110 + 3.7ł 109 + 5.2+ 
MAP (torr) 1 98 + 4.5 100 + 5.2 97 + ae 
2 89 + 5.6 84 t 3.9" 83 + 3.5 
DBP (torr) 1 73 + 4.5 80 + 5.3 80 + 2 
2 71+ 4.7 70 + 3.8 69 + 2.7 
— PAO (torr) 1 1141.8 12.0 + 1.4 1141.2 i 
-A 2 131.1 14.0 + 1.7 16 1.5 
CVP (torr) 1 8.00 + 1.88 10.4 + 1.20 10.10 + 1.59 
2 8.92 + 1.10 10.5 + 1.04 11.83 + 1.60 
CO (L/min) 1 5.6 + 0.45 5.3 + 0.73 4.4 +4 0.34f 
2 44+0.41 4.4 t 0.21 3.6 t 0.17ł 
CI (L/min/m*) 1 2.93 t 0.224 2.73 + 0.322 2.29 + 0.1557 
2 2.35 + 0.213 2.37 + 0.120 1.92 + 0.107ł 
SVR (dyne - sec - cm™*) 1 1387 + 157 1525 + 144 1725 + 170 
2 1491 + 91 1349 + 67 1623 + 98 
SV (mi/beat) 1 85.6 + 4.8 63.4 + 7.1+ 55.0 + 4.2§ 
2 66.7 + 4.7 56.6 + 3.5 53.4 + 4.37 
RPP (torr beats/min) 1 9246 + 1076 11,000 + ee 10,516 + aie 
2 9110 + 1107 8,169 + 944 6,866 + 799 


* Values are means + SE. Abbreviations used are: HR, heart rate: SBP, systolic blood pressure; MAP, mean arterial pressure; 
DBP, diastolic blood pressure; PAO, mean pulmonary artery occluded pressure: CVP, central venous pressure; CO, cardiac output; 
Ci, cardiac index; SVR, systemic vascular resistance; SV, stroke volume: RPP, rate-pressure product. 

+ Difference from control values (p < 0.05). 

t Difference between groups (p < 0.05). 

§ Difference from control values (p < 0.001). 





ANESTHESIA AND ANALGESIA 52 
Vol 61, No 6, June 1982 3 


LARGE SINGLE-DOSE FENTANYL 


TABLE 3 


Comparison of Changes in Blood Levels of Hormones in Patients who Received Fentanyl (Group 1) and Halothane (Group 2)* 


Group Before induction After intubation After sternotomy 
Epinephrine (pg/ml) 1 446 + 264 88 + 21 165 + 56 
2 174 + 54 64+ 13 151 + 28 
Norepinephrine (pg/ml) 1 369 + 39 499 + 80 464 + 93 
2 370 + 58 395 + 68 433 + 102 
Plasma renin activity (ng/ml) 1 2.3 t£ 0.73 3.0 + 0.96 3.8 t 1.14 
2 2.3 + 0.73 452.7 4.7 t 2.10 
Growth hormone (ng/ml) 6.8 + 4.6 5.0 + 2.9, 2.1 +09 + 
2 9.0 + 6.3 20.2 + 6.3" 36.8 + 16.77 
Fentanyl (ng/ml) 1 0.44 + 0.15 105.55 + 4.818 32.97 + 6.328 


itemise i elas iia a a N 
* Values are means + SE. Changes in concentration of fentanyl for those receiving fentany! are rated. 


+ Difference between groups (p < 0.01). 
+ Difference between groups (p < 0.001). 
§ Difference from control values (p < 0.05). 


200 


100 


GROWTH HORMONE ng/mi 


a m oe e HALOTHANE 
.-———— FENTANYL 





FIGURE. Differences observed in plasma levels of growth hor- 
mone as result of induction of anesthesia and surgery. Although 
constant during fentanyl anesthesia, increases were observed 
in most patients receiving halothane (p < 0.001). 


ical problem, receiving only nitrates and beta-adre- 
nergic blocking agents. 


Hemodynamic Differences 


Despite continuation of beta-adrenergic antagonists 
up to the time of surgery, HR increased in both groups 
after tracheal intubation. The increase was significant 
only in the patients given fentanyl. The increase in 
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HR occurred despite the large dose of fentanyl used. 
Increases in HR have been attributed to the use of 
pancuronium bromide, especially when given rapidly 
as a bolus, but an increase in HR has not been 
observed consistently by others who also used pan- 
curonium for muscle relaxation in patients given fen- 
tanyl (1, 6, 12). 

SBP, MAP, and DBP did not change significantly 
from control levels either after intubation or after 
sternotomy in patients given fentanyl. This is similar 
to the results reported by Sebel (1) for patients given 
70 ug/kg of fentanyl. In a similar group of patients 
given 50 ng/kg of fentanyl, Waller et al (12) reported 
significant increases in SBP, MAP, and DBP. Sebel (1) 
reported a significant increase in DBP with sternot- 
omy in patients given 60 ug/kg of fentanyl. It is 
possible that only a dose of fentanyl greater than 60 
ug/kg is required to inhibit changes in arterial pres- 
sures associated with intubation and sternotomy. 

Both MAP and DBP were significantly higher after 
sternotomy in the patients given fentanyl. PAO was 
significantly lower at the same time in patients given 
fentanyl. Taken together, the higher DBP and lower 
PAO reflect better coronary perfusion, which would 
be beneficial in patients with severe distal coronary 
artery disease where autoregulation may be lost and 
minimal coronary reserve is present (13-15). 

The significant decrease in CO following sternot- 
omy in both groups appears to be due more to 
mechanical factors, e.g., opening the chest (16, 17), 
than to actions of the anesthetics. 

It is interesting to note that, although CO did not 
change significantly after intubation in either group, 
SV did decrease significantly after intubation in pa- 
tients given fentanyl. A decrease in SV in patients 
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given fentanyl was also observed by Waller et al (12). 
The reduction of SV after intubation in patients given 
fentanyl in our study reflects the significant increase 
in HR that occurred at this time and does not repre- 
sent an action of fentanyl per se. However, in this 
study SV was reduced to a comparable degree after 
sternotomy in both groups of patients. The decrease 
in SV after sternotomy in both groups reflects the 
mechanical events associated with this period (i.e., 
positive pressure ventilation, opening of the chest) 
rather than the action of the anesthetics. 

The RPP was significantly higher after intubation 
and sternotomy in the patients given fentanyl than in 
patients given halothane. Although significantly 
greater than the RPP in patients given halothane, it 
was still within the normal range. However, it does 
indicate the possibility for increased Oz consumption 
in patients given fentanyl for anesthesia. 


Hormonal Differences 


The adverse effects of the stress of anesthesia and 
surgery have been reviewed by Savage (18) and in- 
clude both hypertension and tachycardia, neither of 
which is beneficial for the patient with coronary artery 
disease. Hormonal changes mediated via the hypoth- 
alamosympathoadrenal axis occur. In the present 
study we looked for changes in circulating levels of 
norepinephrine, epinephrine, renin activity, and 
growth hormone as indicators of hormonal response 
to two stimuli—tracheal intubation and median ster- 
notomy. The increases in plasma levels in epineph- 
rine, norepinephrine, and renin activity normally seen 
in response to stressful stimuli were not seen in either 
group in this study. There was no significant increase 
above control levels in epinephrine, norepinephrine, 
or renin activity after intubation or sternotomy in 
either group. This might imply that both anesthetic 
techniques interfered with sympathetic tone to the 
same extent. More likely, however, it was the use of 
propranolol in these patients that was responsible for 
the lack of changes in levels of epinephrine, norepi- 
nephrine, and renin activity. Sebel (1) found no sig- 
nificant change in levels of norepinephrine or epi- 
nephrine following intubation and sternotomy in a 
comparable group of patients given 60 ug/kg of fen- 
tanyl for anesthesia. However, his group of patients 
received their last dose of beta-adrenergic antagonist 
the night before surgery. 

Growth hormone levels were significantly higher 
after intubation and sternotomy in patients given 
halothane than they were in patients given fentanyl. 
Fentanyl in a dose of 50 ug/kg given for gynecologic 


surgery has been shown to interfere with the normal 
increase in growth hormone levels associated with 
surgery and anesthesia (19). Our results agree with 
this finding, a finding which may be common to all 
narcotics used in anesthetic doses. A similar interfer- 
ence with the normal increase in growth hormone 
levels associated with cardiac anesthesia and surgery 
has been described with anesthetic doses of morphine 
(20). 

As the release of growth hormone is governed by 
the hypothalamus, a region possessing a large number 
of opiate receptors, it is possible that occupation of 
these receptors by fentanyl may interfere with the 
appropriate releasing factor for growth hormone. The 
significance of this interference with the normal in- 
crease in plasma levels of growth hormone associated 
with stressful stimuli is not known. 

Finally, two of our patients given fentanyl had recall 
of the sternotomy and spreading of the chest with the 
sternal retractor despite administration of twice the 
dose (150 pg/kg) of fentanyl that Sebel et al (21) 
demonstrated to cause satisfactory depression of the 
electroencephalogram for purposes of anesthesia (50 
to 75 ug/kg). Awareness with high-dose fentanyl has 
been reported (22). We wonder whether this may be 
related to the rapid decrease in plasma fentany] levels 
that occurs after bolus administration (23). Possibly, 
awakening can occur at higher plasma levels than are 
associated with initial loss of consciousness, as seen 
with barbiturates. Lunn et al (24) reported loss of 
consciousness after 18 + 4 ug/kg of fentanyl given 
intravenously corresponding with a plasma fentanyl 
concentration of 34 + 7 ng/ml. Our mean plasma 
fentanyl concentrations at the time of sternotomy 
were 33 + 6 ng/ml. 

In conclusion, we have demonstrated several im- 
portant differences between high-dose fentanyl and 
halothane as anesthetic techniques for cardiac sur- 
gery. However, we were unable to confirm significant 
hemodynamic or hormonal advantages of fentanyl 
reported by other investigators using 60 to 70 ng/kg 
of fentanyl for cardiac anesthesia despite the fact that 
we used 150 pg/kg of fentanyl. 
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Tissue Oxygenation in Clinical Medicine: 


An Historical Review 


Michael J. Miller, MD, PhD* 





HE PHYSICAL separation of cells from the at- 

mospheric gases is a necessary consequence of 
increasing bulk and cellular organization in orga- 
nisms. In simple aerobic species, which rely on dif- 
fusion from the body surface to supply oxygen to 
internal cells, the diffusion distance for oxygen may 
be a powerful determinant of attainable size (1). This 
is due, of course, to the fact that the quantity of 
oxygen available at the cell membrane of an internal 
cell (Fig 1) is a function of its distance from the body 
surface, as described by Fick’s law of diffusion 


AD 
V gas œ ri (Pi — Po) 


where v = the rate of gas transport, A = the surface 
area of the body, T = the distance from body surface 
to the cell membrane of an internal cell, D = the 
diffusion coefficient of the medium, P, = the partial 
pressure of oxygen at the body surface, and Pe = the 
partial pressure of oxygen at the cell membrane of an 
internal cell. As Pi}, A, and D are usually fixed, it is 
apparent that as T increases, the rate of gas transport 
can be maintained only by virtue of a decrease in Po. 
As the rate of gas transport from the cell membrane 
to the cell interior and mitochondria depends on the 
gradient {P — Ps), a low value for Ps necessa rily limits 
maximum cellular gas transport, even if Ps, the intra- 
cellular oxygen pressure, should approach zero. 
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It should be noted that, in this analysis, the diffu- 
sion path T is considered to be nonmetabolizing, and 
therefore P; is linearly related to T at a constant gas 
transport rate (Fig 2, A). In living multicellular orga- 
nisms, T is composed of actively metabolizing cells, 
the effect of which is to cause Pa to decrease precipi- 
tously with increasing T. The relationship of P; to T 
in this instance is more nearly hyperbolic (Fig 2, B). 

In larger, more complex organisms, particularly 
those of high metabolic activity, diffusion from the 
body surface, as the sole mechanism for gas transport, 
is inadequate. The development of these organisms, 
including man, has depended on the emergence of 
systems for the mass transport of gas, a principle 
function of which is to reduce the diffusion distance 
between the atmosphere and cells. In normal resting 
man, for example, the maximum diffusion distance 
for a molecule of oxygen may be in the range of 45 to 
80 u, based on the sum of the distances from alveolar 
surface to pulmonary capillary and from systemic 
capillary to a point in tissue midway between adjacent 
capillaries. The diffusion distance may be reduced 
further by increasing tissue capillary density, a phe- 
nomenon seen in animals acclimatized to high altitude 
environments (2) and known to occur with muscular 
contraction during exercise (3). Theoretically, an in- 
crease in capillary density would be expected to be a 
valuable adaptive response in a variety of disease 
states (4), but whether this occurs in man is unknown. 

Maintenance of small effective diffusion distance 
depends, of course, on convection of gas to the prox- 
imal diffusing surface, by the bellows action of the 
lung, and on the circulatory transport of oxygen from 
the proximal diffusion surface (lung) to the distal 
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Fia 1. Spherical animal model. P4, P2, and Ps represent partial 
pressure of oxygen at surface of animal, at membrane of an 
Internal cell, and In interior of an internal cell, respectively. 


A B 


T T 
Fia 2. Relationship of intracellular oxygen pressure (Pa) to 
diffusion distance for oxygen (T). A, Relationship in a nonme- 
tabolizing medium; B, oxygen-metabolizing tissue. 


diffusion surface (systemic capillary). Another func- 
tion of the respiratory mass transport system is to 
provide oxygen to the capillary diffusion surface in a 
quantity sufficient to support cellular oxygen con- 
sumption. To facilitate this, specialized oxygen trans- 
port proteins, such as hemoglobin, are utilized by 
most complex vertebrates. Of fundamental impor- 
tance, however, is the fact that the quantity of oxygen 
available to the capillary surface is only indirectly 
related to tissue oxygen transport. By analogy, in 
simple organisms whose gas transport depends on 
surface diffusion, as discussed above, the adequacy of 
cellular oxygenation depends, clearly, on factors other 
than the nearly infinite quantity of atmospheric oxy- 
gen available for diffusion. For adequate tissue oxygen 
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exchange to occur, oxygen must be made available at 
sufficient partial pressure to promote diffusion into 
the tissue mass. 

A discussion of gas transport in simple species may 
seem somewhat irrelevant as an introduction to the 
topic of tissue oxygenation in clinical medicine. How- 


ever, as specialized mechanisms for the active trans- 


port of oxygen are not known to have evolved in 
mammals (1), the kinetics of tissue gas exchange in 
man remains governed, primarily, by the same phys- 
ical laws of diffusion that regulate gas transport in 
less developed species. As will become apparent, 
these physical laws of diffusion remain the foundation 
on which the most advanced computer models of 
tissue oxygenation have been developed. 

The intent of this paper is to examine commonly 
used indices of tissue oxygenation, in regard to their 
historical origins and utility in clinical medicine. Tis- 
sue Po, electrodes will not be discussed, however, as 
their use has been the topic of several recent reviews. 


Clinical Estimation of Tissue Oxygenation 


Concepts of Oxygen Availability as an Index of 
Tissue Oxygenation 


The early work of Pfluger (5) and Warburg and 
Kubowitz (6) demonstrated that, in isolated tissue, 
cellular oxygen consumption is normally not limited 
or regulated by oxygen availability (Pfluger’s law) (7). 
Similarly, in resting man, the quantity of oxygen 


available to tissue is, except perhaps in the heart, in ~ 


great excess of that required to sustain the oxygen 
consumption of the tissue, which clearly is controlled 
by other factors. It is intuitive, however, that with 
progressive failure of the mass transport of oxygen in 
disease states, limitation of oxygen supply must even- 
tually lead to inadequate tissue oxygenation. The 
essence of the problem in clinical medicine is to 
define the point at which failure of tissue oxygenation 
has occurred. Because total body tissue Po, cannot be 
measured directly, indices of respiratory mass trans- 
port failure have been sought. 

The concept of total oxygen availability, the prod- 
uct of cardiac output and arterial oxygen content (Qt 
x Cao,) was developed by Lauson and introduced by 
Richards (8) in 1944. Subsequently, many authors 
have used this term in discussions of tissue oxygen- 
ation, whereas others have proposed “flux” Os (9), 
“oxygen delivery” (10, 11), and “oxygen transport” 
(12) to refer to (Qt X Cao,). Oxygen availability 
represents the total quantity of oxygen delivered to 
tissue per unit time and presumably available for 


ee 
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metabolism. As Qt and CaO% are relatively easy to 
measure in intensive care settings, oxygen availability 
is commonly used as an index of performance of the 
cardiorespiratory mass transport system and, indi- 
rectly, of tissue oxygenation. In patients with acute 
respiratory failure receiving continuous positive-pres- 
sure ventilation, for example, maximization of oxygen 
availability has been stated to be the therapeutic goal 
(13). The primary goal of therapy in all hypoxemia 
states is, however, the prevention of tissue hypoxia, 
and, although several authors have suggested that 
oxygen availability is the most important determinant 
of tissue oxygen tension (14, 15), the relationship of 
oxygen availability and tissue oxygenation is by no 
means straightforward. In other words, one may not 
assume that tissue oxygenation is adequate simply 
because’ a normal value of oxygen availability has 
been measured. The reasons for this are 2-fold: First, 
as discussed previously, tissue oxygenation is de- 
pendent on the partial pressure of capillary oxygen, 
tissue capillary density, and tissue oxygen consump- 
tion, and is related only indirectly to the quantity of 
oxygen available. As shown in Fig 3, equivalent values 
of oxygen availability may provide oxygen to capil- 
laries at vastly different partial pressures, with pre- 
dictably different effects on tissue oxygenation. Tis- 
sue anaerobiosis has been shown to occur, for exam- 
ple, with smaller decreases in oxygen availability 
during pure hypoxemia than when cardiac output is 
decreased (15). Second, the concept of oxygen avail- 
ability ignores alterations in the distribution of oxygen 
at the tissue level which arise in a variety of disease 
states, particularly hemorrhagic and septic shock (16- 
18). Due to an increase in the effective diffusion 
distance for oxygen-in these conditions, severe tissue 
hypoxia may coexist with normal or elevated values 
of oxygen availability. 

The notion that high or normal values of oxygen 
availability may not always be equated with adequate 
tissue oxygenation has been supported by clinical 
studies. Shoemaker et al (19) have shown that al- 
though high values of oxygen availability may identify 
those patients who will survive early postoperative 
circulatory shock, survival during the middle and late 
stages of shock is nearly independent of oxygen avail- 
ability. Similarly, in patients recovering from surgery 
for portal hypertension (20), oxygen availability may 
correlate negatively with prognosis, the patients with 
higher oxygen availability values exhibiting a higher 
mortality.. 

In light of the above, the term oxygen availability, 
as applied to the expression (Qt Xx Cao,), may be 





RO 
(torr) 


Fia 3. Equivalent oxygen avallability at two points on oxyhe- 
moglobin dissoclation curve. Oxygen availability (Ñ; X Cao) is 
identical in conditions A and B. Partial pressure of oxygen 
entering tlssue capllilaries, however, is 100 torr in situation A, 
and 25 torr in B. 


misleading, as a variable fraction of the oxygen sup- 
plied per unit time may be actually “available” for 
metabolism. The term oxygen delivery, as used by 
Bendixen and Laver (10) and Mithoefer et al (11), 
may, therefore, be more appropriate, and will be used 
in reference to (Qt X Cao,) in the remainder of this 
paper. 

Despite its limitations, determination of oxygen 
delivery is a valuable procedure in intensive care 
medicine. The finding of a low value of oxygen 
delivery is particularly significant, as it identifies a 
potential cause of tissue hypoxia which is often re- 


mediable. 


Concepts of “Corrected” Oxygen Delivery 


Attempts have been made to modify the concept of 
oxygen delivery to improve its suitability as an indi- 
cator of oxygen transport and tissue oxygenation. 
Bryan-Brown et al (21), for example, have developed 
the idea of “consumable oxygen.” Consumable oxy- 
gen is defined as (Qi X consumable Cao,), where 
consumable Cao, = Cao, minus the content of oxygen 
existing at a Po, of less than 20 torr. (The content of 
oxygen below 20 torr is obtained with the pH, Pco,, 
and hemoglobin concentration adjusted to values 
measured in mixed venous blood.) The content of 
oxygen delivered at a Po, of less than 20 torr is 
considered by Bryan-Brown et al (21) as unavailable 
for diffusion into tissue. This assumption is based on 
observations that unconsciousness ensues when the 
cerebral venous Po, falls below 20 torr (22), and that 
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oxygen consumption may decrease and anaerobiosis 
begin when oxygen delivery is acutely lowered to 
produce venous Po, values of less than 20 torr in 
canine muscle preparations (23). Bendixen and Laver 
(10), similarly, have utilized this concept in the de- 
velopment of the term oxygen reserve, defined as the 
normal venous. oxygen content minus the venous 
content at a critical Po, of 20 to 30 torr. The validity 
of the assumption that oxygen at a Po, of less than 20 
torr is not metabolizable, when applied to mixed 
venous blood in man, however, remains uncertain, 
especially when redistribution of blood flow has oc- 
curred, as in hypotension or exercise. Nevertheless, 
the concept of consumable oxygen is an important 
one, since it emphasizes the point that tissue oxygen- 
ation is more a function of capillary Po, than oxygen 
delivery. As with oxygen delivery, a normal value of 
consumable oxygen does not ensure adequate tissue 
oxygenation, because although it is numerically nor- 
mal, the consumable oxygen quantity may be inap- 
propriate relative to tissue demand. In addition, tissue 
hypoxia resulting from maldistribution of capillary 
blood flow will not be predictable from measurement 
of consumable oxygen. Correlation between calcu- 
lated consumable oxygen delivery and survival or 
anaerobiosis in the intensive care setting has not been 
firmly established. 


Mixed Venous Po, as an Index of Tissue 
Oxygenation 


The supposition that the Po, of venous blood might 
reflect tissue Po, was first made by Barcroft in 1938 
(24). In order to establish a relationship between 
venous Po, and mean tissue Po,, however, one must 
first determine what mean tissue Po, should normally 
be. One of the earliest physiologic approaches to this 
problem was developed by Verzar (25), who at- 
tempted to define the tissue Po, in salivary glands and 
muscle. Beginning with a simplified diffusion equa- 
tion (Q = d(P — p)) (where Q = the O; uptake of the 
organ; d = the diffusion coefficient for oxygen; P = 
an estimate of mean capillary Po,, derived from the 
arithmetic mean of the arterial and venous oxygen 
saturations; and p = the oxygen pressure in the tissue), 
Verzar reasoned that if tissue Po, (p) were zero or 
nearly so, a decrease in mean capillary Po, (P) pro- 
duced by lowering the Fio, of the animal being stud- 
ied, would necessarily reduce the organs’ oxygen 
uptake (Q). If p were substantially above zero, a 
decrease in capillary Po, (P) would be accompanied 
by a decrease in tissue Po, (p), with preservation of 
both the gradient (P — p) and tissue oxygen uptake. 
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In the salivary gland, Verzar found that mean capillary 
Po, could be decreased by as much as 45 torr with no 
significant change in glandular oxygen uptake, sug- 
gesting that in the salivary gland, tissue Po,, initially, 
must have been at least 45 torr, a value nearly equal 
to that measured in the venous blood. In the gastro- 
cnemius muscle, however, a decrease in oxygen up- 
take was seen with even moderate reductions in cal- 
culated mean capillary Po,, indicating that resting 
muscle tissue Po, must be low or zero. As the muscle 
venous Po, was 41 torr, venous Po, did not seem to 
reflect absolute tissue Po, in skeletal muscle. Although 
Verzar’s equation certainly oversimplified the nature 
of tissue gas exchange, his experiments led to the 
consideration that venous Po,, a priori, might not 
provide an index of mean tissue Po, in every organ. 
Equally as important, his observations pointed to an 
apparent paradox in muscular gas exchange, because 
if muscle tissue Po, was nearly zero at rest, there 
seemed to be no plausible way to increase the capil- 
lary-to-tissue oxygen gradient and oxygen uptake of 
this tissue, a phenomenon known to occur in exercise. 

In a further effort to define whether muscle tissue 
Po, was of a largely positive or nearly zero value, 
Erlang, at the request of Krogh (26), developed a more 
sophisticated diffusion equation, based on a theoret- 
ical model of tissue capillary gas exchange: 


2 2 
P x Xo LF 
To ~ Ty = 3 (» R logĒar ~ — ) 
d r 





where To and T, represent the partial pressures of 
oxygen at the center of the capillary and at any point 
within the tissue cylinder, respectively, p = the oxy- 
gen consumption of the tissue cylinder, and d = the 
diffusion rate for oxygen. Distances r, R, and x refer 
to the capillary radius, the tissue cylinder radius, and 
the distance from center capillary to any specific point 
within the cylinder, respectively. In this model, a 
circular tissue cylinder is supplied by a single central 
capillary, and the Krogh-Erlang equation allows the 
calculation of tissue Po, at any point within the tissue 
cylinder. R, the radius of the tissue cylinder supplied 
by the central capillary, was set at 15 m, a value 
obtained from the direct counting, in vitro, of tissue 
capillaries after India ink perfusion of gastrocnemius 
muscle. This corresponds to a capillary density of 
1350/mm*, an extremely high value, which may have 
been due to Krogh’s treatment of the preparation with 
nitrates. With this capillary density, Krogh (26) cal- 
culated that the tissue Po, in muscle, at any point in 
the tissue cylinder, must be equal to or greater than 
the Po, of the venous blood. This conclusion was 
startlingly different from that of Verzar (25), and led 
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Krogh to reconsider his methodology and prepara- 
tion. 

In a subsequent investigation, Krogh (27) examined 
muscle capillary density in vivo, both at rest and 
during contraction of the muscle. At rest, muscle 
capillary density was found to be significantly less 
(mean 128 capillaries/mm’) than that which he had 
observed in vitro, corresponding to a much larger 
tissue cylinder radius (R) of 65 u. With such large 
tissue cylinders, Krogh deduced that, at rest, muscle 
tissue Po, must be extremely low, as Verzar (25) had 
previously surmised. As the partial pressure of oxy- 
gen in the venous blood of muscle was relatively high 
(i.e., approximately 30 torr) venous Po, did not seem 
numerically to reflect tissue Po, in resting muscle. 

The finding of a low value of tissue Po, in resting 
skeletal muscle must have led to considerable specu- 
lation on the mechanism responsible for the large 
increases in muscular oxygen uptake during exercise. 
Clearly, increased oxygen uptake could not arise from 
a decrease in tissue oxygen partial pressure (with 
resultant increase in the oxygen pressure gradient (P: 
— P) for diffusion), as tissue oxygen pressure was 
nearly zero to begin with. This being the case, the 
only conceivable way to increase oxygen uptake dur- 
ing exercise (excluding active oxygen transport) would 
be to increase tissue capillary density, leading to a 
reduction in average tissue cylinder radius and effec- 
tive diffusion distance. The opening of new capillary 
beds during exercise was directly observed in guinea 
pig muscle, with R decreasing from 65 p at rest to 11 
u with work, accompanied by a 10-fold increase in 
muscular oxygen uptake. Although not measured by 
Krogh, one can reasonably assume that venous Po, 
decreased during muscular work. 

The significance of these early observations, in 
terms of a relationship between venous Po, and tissue 
Po, may be summarized as follows: (a) In certain 
tissues, such as the salivary gland, venous Po, may 
accurately reflect tissue Po, regardless of the state of 
metabolism of the tissue; (b) In tissues like muscle, 
venous Po, may not be numerically equivalent to 
tissue Po, at rest, and changes in tissue capillary 
density may occur in response to alterations in tissue 
metabolism, the effect of which is to obscure a rela- 
tionship between venous Po, and tissue Po,. Thus, 
alteration in the distribution of oxygen in tissues may 
complicate the simple notion that changes in venous 
Po, must reflect changes in tissue oxygenation. 

Krogh’s model of diffusion of oxygen into tissue 
was further developed by Hill (28) in 1928, and by 
Kety (29) in 1957. These authors sought to define 
determinants of tissue oxygenation in general, how- 





ever, and their studies were not directed specifically 
toward examining a relationship of venous Po, to 
tissue Po,. In fact, it was not until 1974 that the first 
rigorous theoretical study of the relationship of ve- 
nous Po, to tissue Po, was published by Tenney (4). 
Tenney’s model, a refinement of the Krogh tissue 
cylinder model, allowed for the calculation of venous 
Po, and mean tissue Po, not only in the normal state, 
but during conditions of altered oxygen consumption, 
blood flow, hemoglobin concentration, and combi- 
nations of the above (Fig 4). With the reasonable 
assumption that capillary oxygen content decreases 
linearly from the arterial end to the venous end, the 
mean capillary oxygen content and Po, could be cal- 
culated. Mean tissue Po, was calculated by integrating 
the Krogh-Erlang equation between zero and R, the 
tissue cylinder radius, in a plane situated at the level 
of the mean capillary Po,. The relationship of mean 
tissue Po, to venous Po,, under a variety of conditions, 
could then be examined. An important finding of this 
study was that, although venous Po, might numeri- 
cally overestimate or underestimate mean tissue Po, 
in various circumstances, changes in venous Po, were 
directly, and essentially linearly, related to changes in 
mean tissue Po, regardless of the conditions specified. 
Thus, this advanced model lends support to the gen- 
eral notion that changes in the venous Po, may be 
valuable in predicting changes in tissue oxygenation. 
Moreover, the model defines the critical nature of 
tissue capillarity as a determinant of tissue Po,. 


Clinical Usage of Mixed Venous Po, 


Since the early 1970s, the Po, of mixed venous 
blood has been used by clinicians as the basis for the 
estimation of tissue oxygenation in disease. The wide- 
spread acceptance of this notion may be revealed by 
a sampling of the literature: 
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Fia 4, Tissue cylinder model with central capillary. Pao, and 
PVo, are partial pressures of oxygen In arterial and tissue venous 
blood, respectively. Pc’c,, mean capillary Po,; Pto, mean tissue 
Po, 
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1. “...the fact that PO2 in mixed venous blood remained 
unchanged indicates that the tissue oxygenation on the 
whole did not suffer . . .”” (30). 

2. ”... since mixed venous oxygen tension reflects total 
body tissue oxygen tension...” (31). 

3. “PVO: is interpreted as reflecting the state of whole body 
oxygenation...” (11). 

4. ‘Venous oxygen tensions and saturations can be meas- 
ured as a reflection of tissue oxygenation . . .” (32). 

5. “A PVO: greater than 30 mm Hg usually reflects adequate 
tissue oxygenation...” (33). 


Interestingly enough, statements such as these did not 
arise as conclusions drawn from a large number of 
well controlled clinical studies. More likely, they were 
based on an acceptance of the theoretical arguments 
that the oxygen in tissue is in equilibrium with that 
in venous blood. A few clinical studies do, however, 
support a relationship between mixed venous oxygen- 
ation, survival, and, presumably, tissue oxygenation. 
Nicotra et al (34), in examining the effects of positive 
end-expiratory pressure (PEEP) in patients with res- 
piratory failure, found that “an increase in mixed 
venous oxygen content during PEEP seemed to impart 
a good prognosis,” and in a recent study of patients 
with respiratory failure, Springer and Stevens (35) 
found survival to be less likely in those with low 
mixed venous Po,, irrespective of the particular value 
of Pao, 

These observations are compatible with the theo- 
retical predictions that a low mixed venous Po,, in 
certain instances, may coexist with (and indicate) 
tissue hypoxia. On the other hand, mixed venous 
hypoxemia need not always be associated with tissue 
hypoxia. Exercise in normal humans, for example, at 
levels well below the anaerobic threshold, is accom- 
panied by rather pronounced decreases in mixed ve- 
nous Po, (36). In this instance tissue oxygenation is 
preserved by an increased muscle tissue capillarity. 
As the state of tissue capillarity is unknown in most 
disease states, the exact value of Pvo, at which tissue 
hypoxia becomes manifest, particularly in chronic 
hypoxemic states, is unclear. All that may be said for 
-certain is that a decreasing mixed venous Po, in a 
particular patient, as a result of a disease process or 
therapeutic intervention, in the absence of circulatory 
redistribution, and with a constant rate of oxygen 
consumption, will be accompanied by a decrease in 
average tissue Po,. 

The hallmark of a large number of diseases is 
redistribution of the systemic circulation. Well known 
examples include septicemia, due to either Gram- 
negative (16) or Gram-positive (37) organisms; hem- 
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orrhagic shock; cirrhosis of the liver (38); Paget's 
disease of bone (39); beriberi heart disease (40); var- 
ious febrile states; and congestive heart failure. Re- 
distribution of the circulation may result from abnor- 
mal flow rates through normal capillary beds in cer- 
tain organs, or from the opening of arteriovenous 
anastomoses (36). Additionally, arterial blood may be 
distributed to the venous circulation by traversing 
areas of tissue whose oxidative enzymes have been 
blocked or are only partially functional. The func- 
tional shunting of arterial blood to the venous circu- 
lation, by any of these mechanisms, i.e., arterial ad- 
mixture, is analogous to venous admixture in the lung. 
Just as the magnitude of pulmonary venous admixture 
is an important determinant of the arterial Po,, arterial 
admixture in the systemic circulation will have pro- 
found effects on mixed venous oxygenation. This 
concept may be further analyzed using a two-com- 
partment model of the systemic circulation, as shown 
in Fig 5. Total oxygen delivery (Ôr X Cao,) is divided 
peripherally into two fractions: tissue oxygen delivery 
(Qc X Cao,) and oxygen delivery to arteriovenous 
shunts (Qs X Cao,). The relationship of oxygen deliv- 
ery to CVo, and mixed venous Po, in a system with a 
normal peripheral circulation (Qs = 0) is shown in 
Fig 6. As oxygen delivery decreases, mixed venous 
Po, decreases and, conversely, as oxygen delivery 
increases, mixed venous Po, increases. In this normal 


Tissue 





Fia 5. Two-compartment model of systemic circulation. Q, car- 
diac output; Q,, blood flow shunted from arterial to venous 
circuit; Q., tissue capillary blood flow; Cao, arterial oxygen 
content; CVo,, mixed venous oxygen content; Cc‘o,, oxygen 
content of blood leaving tissue compartment. As all oxygen 
consumption (Vo,) occurs in tissue compartment, blood leaving 
shunt compartment has composition of arterial blood. 
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Fia 6. Relationship of total arterial oxygen delivery to mixed 
venous Pe, (P¥o,) and oxygen content (CVo,). All values are 
calculated with Fick equation, assuming mixed venous Pco, 46 
mm Hg, pH 7.36, temperature 37°C, hemoglobin 15 mg/100 
mi, and oxygen consumption 250 ml/min. Normal values of 
Ci¥o,, P¥o,, and total oxygen delivery are indicated by arrow. 


situation, in which mixed venous blood gases are 
dependent on blood coming only from normal tissue 
capillaries, mixed venous Po, may accurately reflect 
changes in tissue end-capillary Po, and, presumably, 
tissue oxygenation. 

If systemic arteriovenous shunting exists, however, 
CVo, becomes dependent on blood emanating from 
both tissue and shunt compartments. Expressed al- 
gebrically: Ò; X C¥o, = (Qe X Cc’Ox) + (Q, X Cao,) 
or Cvo, = (Q. X CO) + (Ò, x CaO. 2)/Q, where 
Cc'o, represents tissue end-capillary oxygen content. 
(Note that this equation is similar to that used in 
calculation of Q./Q; (or venous admixture) in two- 
compartment lung models. In a two-compartment 
model of the systemic circulation, arterial admixture 
cannot be calculated, owing to the fact that CO» is 
dependent on the magnitude of tissue blood flow 
(Q.), whereas Cc’Oz in the lung is independent of the 
rate of blood flow in the ideal compartment, and may 
simply be calculated from the alveolar Po,.) In Fig 7 
the effect of increasing shunt flow (at constant Ò and 
Vo.) on CV¥o, and mixed venous Po, is shown. Both 
C¥o, and mixed venous Po, remain constant in the 
presence of arteriovenous shunting. The oxygen-rich 
blood entering the venous system from the shunt 
compartment is balanced by the decreased oxygen 
content of blood coming from the tissue compart- 
ment, with a resultant stability of mixed venous Po, 
and mixed venous O; content. Despite a constant 
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Fig 7. Effect of increasing arterial admixture (Qs/Qc) on mixed 
venous and tissue end-capillary Pa, at constant rate of oxygen 
delivery. With moderate arterial admixture, tissue-end capillary 
Po, decreases, whereas mixed venous Po, remains constant. 
When oxygen consumption decreases (large arrow) mixed ve- 
nous Po, increases, whereas tissue end-capillary Po, remains at 
constant, low value, [particular values of tissue end-capillary 
Po, and Qs/Qc reflecting limitation of oxygen consumption are 
estimates (21-23). 


mixed venous Po,, however, the venous oxygen con- 
tent from the tissue compartment (Cc’o,} decreases in 
proportion to the degree of shunt flow. Tissue Po, 
must, therefore, fall despite a normal mixed venous 
ore 

It is intuitive that with progressive shunting of 
arterial blood, tissue oxygen delivery will limit Vo,- 
Further reduction in tissue oxygen delivery due to 
shunting will cause Vo, to decrease proportionately. 
Consequently, Cc’o, will cease to fall, and will remain 
at a constant low value, independent of the degree of 
change in Vo,. The contribution of the arterial shunt 
will then increase CVo,, and Pvo, must rise. 

Obviously, then, in the presence of significant ar- 
terial admixture, mixed venous Po, may seriously 
overestimate tissue oxygenation. In support of this 
concept, Miller et al (41) have shown serious anaero- 
biosis and lactic acidosis to develop in the presence 
of elevated mixed venous Po, values in patients with 
Gram-negative septicemia. In patients with cirrhosis 
and portal hypertension, postsurgical prognosis has 
been shown to be inversely related to mixed venous 
Po, (20), with high venous Po, values more likely 
being indicative of severe arterial admixture than 
adequate tissue oxygenation. Preliminary studies (42) 
with tissue oxygen electrodes in dogs during Gram- 
negative sepsis have also shown a poor correlation 
between mixed venous Po, and tissue Po,, with severe 


ANESTHESIA AND ANALGESIA 
Vol 61, No 6, June 1982 


533 


TISSUE OXYGENATION 


tissue anaerobiosis developing despite a normal 
mixed venous Po,. Thus, in clinical medicine, the 
interpretation of a normal or high mixed venous Po,, 
as with normal or high values of oxygen delivery or 
consumable oxygen, must be made with caution. 


Conclusions 


None of the commonly utilized indices of tissue 
oxygenation will reliably reflect tissue oxygenation in 
all clinical settings, owing, principally, to problems 
arising from circulatory redistribution in disease. Low 
values of oxygen delivery, consumable oxygen, or 
mixed venous Po, can usually be interpreted as com- 
patible with tissue hypoxia, particularily in the pres- 
ence of shock or when signs of frank tissue anaero- 
biosis (lactic acidosis) exist. Normal or high values of 
oxygen delivery or consumable oxygen alone do not 
ensure adequate tissue oxygenation, even in the ab- 
sence of circulatory redistribution, as they may be 
inappropriate to tissue oxygen demand, Normal or 
high mixed venous Po, may reliably reflect the state 
of tissue oxygenation if redistribution of the circula- 
tion has not occurred, as PVo, is dependent on both 
tissue oxygen consumption and tissue oxygen deliv- 
ery. If significant arterial admixture exists, however, 
as in the setting of septicemia, prolonged hemorrhagic 
shock, or cirrhosis the mixed venous Po, may seri- 
ously overestimate the state of tissue oxygenation. 
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CLINICAL 
reports 


J-Wire versus Straight 
Wire for Central Venous 
System Cannulation via 
the External Jugular Vein 


Casey D. Blitt, MD,* 
George L. Carlson, MD,7 
Will A. Wright, MD,7 and 
Charles W. Otto, MDE 


In 1974, we reported a technique for obtaining 
access to the central venous system utilizing the ex- 
ternal jugular vein and a flexible angiographic wire 
catheter guide or J-wire (1). Since that report, more 
than 100,000 cannulations of the central venous sys- 
tem and pulmonary artery via the external jugular 
vein have been performed with a success rate of 80% 
to 95% (2). Since our initial report, the use of angio- 
graphic wire catheter guides by anesthesiologists and 
other physicians appears to have increased. During 
the past 5 years pulmonary arterial catheters for in- 
vasive hemodynamic monitoring have achieved wide- 
spread acceptance. The popularity of the pulmonary 
arterial catheter (Gwan-Ganz) and the increased use 
of angiographic wire catheter guides for various vas- 
cular catheterization applications has led to the spec- 
ulation that the J-configuration of an angiographic 
wire catheter guide may not be responsible for its 
ability to traverse tortuous vascular channels. The 
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flexibility of the end of the wire guide, be it straight 
or of the J-type, could be responsible for its vascular 
passage characteristics. Most introducer sheaths and 
dilators for passage of a pulmonary arterial catheter 
contain a straight angiographic wire catheter guide 
(with a flexible end) as an integral part of the appa- 
ratus. Additionally, unpublished personal communi- 
cations regarding the efficacy of the straight wire in 
traversing the external jugular vein needed to be 
verified. There is a difference in cost between the 
straight wire and the J-wire (approximately $1.25 per 
wire) and thus a significant economical impact might 
be felt if the straight wire could be shown to be 
equivalent to the J-wire. 

This study was designed to compare the J-wire with 
the straight wire in external jugular vein catheteriza- 
tion so as to ascertain which of these devices was best 
suited for external jugular vein catheterization (Fig- 
ure). 


Methods 


Human Subjects Committee approval was obtained 
and 36 consecutive patients requiring central venous 
system cannulation were studied. If a selected patient 
did not have visible external jugular veins, the central 
venous catheter was placed using an alternate tech- 
nique and the patient was removed from the study. 
Cannulation of either the right or left external jugular 
vein (Trendelenburg position) was accomplished with 
a 16- or 18-gauge, 6.35-cm over-the-needie Teflon 
apparatus utilizing sterile technique. After the exter- 
nal jugular vein was successfully cannulated, a 50-cm 
long, 0.089-cm (0.035-inch) diameter, straight angio- 
graphic wire catheter guide (Argon Medical Products, 
Inc., Athens, TX) was passed through the short Teflon 
catheter and manipulated until it was ascertained to 
be in the thorax. If the straight wire was successfully 
passed to an intrathoracic position, the short cannula 
was removed and a longer definitive central venous 
pressure (CVP) catheter inserted over the wire using 
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Figure. Four flexible angiographic wire catheter guides: top, 
wire of straight variety with flexible tip; lower three wires, J 
variety with varying radii of curvature. 


it as a guide. If the straight wire could not be advanced 
into the thorax after 3 minutes of manipulation, it was 
removed and a flexible angiographic wire catheter 
guide with a 3-mm radius of curvature J (Argon 
Medical Products) (other dimensions the same as 
straight wire) was passed through the short catheter 
and manipulated until it was ascertained to be intra- 
thoracic. The short catheter was then removed and a 
longer definitive CVP catheter passed over the J-wire. 
After passage of the definitive catheter, the quality 
of the CVP reading was observed (fluctuation with 
respiration) and the ability to withdraw blood easily 
from the catheter was ascertained. All patients had 
postoperative chest roentgenograms to determine 
catheter position. Data were evaluated using the chi- 
square test and p < 0.05 was selected to represent 
statistica_ly significant differences. | 


Results 


The straight wire was successfully placed in an 
intrathoracic position and a catheter threaded over it 
in 16 of our 36 patients (44%). In instances where the 
straight wire could not be successfully passed into the 
thorax, the J-wire was subsequently successfully 
passed in all instances ( p < 0.05). No complications 
occurred using either technique. Blood was easily 
withdrawn from all catheters and an acceptable CVP 
reading was obtained. Chest roentgenograms showed 
all catheters to be in the superior vena cava (Table). 


Discussion 


Our results indicate that the J-wire is superior to 
the straight wire for intrathoracic catheter placement 
via the external jugular vein. The fact that half of the 


TABLE 


J-Wire versus Straight Wire for External Jugular Central 
Venous Pressure Line Placement 


External Successful intrathoracic 
jugular vein catheter placement 
placement ee ee te rents tad een net emis ene ty eee cheese eramen b AANER AAAI InP HEE HE RRA ENN em Pee BA icant 
attempts J-wire Straight wire 
Right 22 10 (100%) 12 (55%) 
Left 14 10 (100%) 4 (29%) 
Total 36 20 (100%} 16 (44%) 


sn 


straight wires were successfully passed into the chest 
is somewhat intriguing as well as mystifying. This 
could be interpreted to mean that either the flexible 
end of the straight wire is beneficial in traversing 
tortuous vessels or that a number of patients have 
tortuosities not severe enough to require the J-config- 
uration. We prefer to believe the latter of these two 
hypotheses is true. Success in passing the J-wire into 
the chest in the 20 instances where the straight wire 
failed certainly indicates a beneficial effect of the J- 
configuration. Because the straight wire was always 
attempted first, there is no way (in this study) of 
ascertaining how frequently the J-wire would have 
been unsuccessful if it had been used initially. It is 
possible that the success of the J-wire was due to 
information gained from the first attempt in passing 
the straight wire. We feel this explanation, however, 
is highly unlikely. 

The beneficial effects of the J-wire are apparently 
explained by its lack of interaction with a vessel wall. 
The J-configuration “bounces off” or “rolls through” 
tortuous areas and sharp angulations in a vascular 
channel. 

The J-wire is superior to the straight wire in navi- 
gating difficult vascular channels. When central ve- 
nous system access is attempted utilizing the external 
jugular vein, we recommend utilizing an angiographic 
wire catheter guide with a J-tip configuration as this 
will result in a higher success rate. Because the J-wire 
appears to be superior to the straight wire in naviga- 
ting vascular channels, it may be appropriate to utilize 
the J-wire in all situations of central venous system 
access where an angiographic wire catheter guide is 
desired. 
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Bronchospasm during 
Cardiopulmonary Bypass 


Alfons Shiroka, MD, FRCP (C),* 
Kang H. Rah, MD,f and 
Richard L. Keenan, MDt 


severe bronchospasm associated with hyperinfla- 
tion of, and inability to deflate, the lung during and 
after extracorporeal circulation (ECC) is a rare com- 
plication, despite the fact that open heart surgery with 
cardiopulmonary bypass is now performed in more 
than 100,000 patients per year in the United States. 
Only one case of bronchospasm following ECC has 
been reported (1). Severe bronchospasm following 
thoracotomy, however, has been reported more fre- 
quently (2-5). The incidence of bronchospasm and 
massive lung collapse following general surgery was 
less than 0.2% in a series of nearly 29,000 operations 
reviewed by Waters (6). 

In more than 10 years of experience with more than 
1000 cases per year in our institution, bronchospasm 
during or following ECC was an unknown phenom- 
enon. However, recently, two patients who underwent 
coronary artery revascularization had severe broncho- 
spasm following ECC. 


Case Reports 


Case 1 


In November 1980, a 51-year-old, 62-kg, 152-cm white 
woman. was scheduled for a coronary artery bypass grafting. 
Significant past medical history was related to her coronary 
artery disease and hypertension. She had suffered an ante- 
rior myocardial infarction and repeated episodes of angina 
pectoris. She had mild orthopnea but no other symptoms 
of congestive heart failure. 

There was a strong family history of coronary artery 
disease but no familial or personal history of bronchial 
asthma. She described an allergy to sulfonamides (hives). 
Her current medication included methyldopa, 500 mg/day, 
in divided doses; hydrochlorothiazide, 50 mg/day; diaze- 
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pam 15 mg/day, in divided doses; nitroglycerin paste; and 
multivitamins. 

Cardiac catheterization revealed extensive coronary ar- 
terial disease and akinetic inferior and apical segments of 
the left ventricle. The ejection fraction was 0.41 and pul- 
monary wedge pressure was 10 torr. 

Preoperative medication consisted of morphine sulfate, 
8 mg, lorazepam, 3 mg, and glycopyrrolate, 0.2 mg, given 
intramuscularly 1 hour before induction of anesthesia. 

On arrival in the operating room, blood pressure was 
130/80 torr, pulse rate 88 beats per minute, respirations 20 
breaths per minute, and auscultation of the chest revealed 
no rales or wheezing. Two large peripheral intravenous 
cannulas were introduced, and a radial artery catheter was 
placed percutaneously before induction of anesthesia. Other 
monitoring devices included an electrocardiogram, a tem- 
perature probe, precordial and esophageal stethoscopes, 
and a central venous pressure catheter. 

Anesthesia was induced with incremental doses of diaze- 
pam, 20 mg, and fentanyl, 1.75 mg, over a 15-minute period 
while administering 100% oxygen by face mask. Muscle 
relaxation was accomplished with pancuronium, 0.1 mg/kg, 
intravenously and tracheal intubation was performed with 
ease 2 minutes after topical spray of lidocaine, 160 mg, into 
the larynx and trachea. 

Anesthesia was maintained with fentanyl (total 2 mg) 
and supplemental N20 (0% to 50%) in oxygen. Ventilation 
was controlled using an Airshields ventilator delivering a 
tidal volume of 10 ml/kg at a frequency of 12 breaths per 
minute and with a peak inspiratory pressure of 18 cm H2O. 
Arterial blood gas tensions were maintained within normal 
range. All hemodynamic variables remained stable until 
ECC was begun without incident. The priming solution 
consisted of 1000 ml of polyionic solution, 150 g of albumin, 
and 1 unit of packed cells. The cardioplegic solution con- 
sisting of 2000 ml of 5% glucose in Ringer’s solution, 80 
units of regular insulin, 40 mg of heparin, 60 meq of KCI, 
and 200 mg of CaCl. A Shiley blood bubble oxygenator 
was used and arterial perfusion pressure was maintained 
between 50 and 100 torr. The lungs were inflated statically 
at 5 cm HO of pressure with a flow of oxygen at 2 L/min. 
During the uneventful 120 minutes of ECC, three-vessel 
aortocoronary vein grafting was completed. At the time it 
was decided to terminate ECC the anesthetist’s attempt to 
inflate the lungs met with high resistance. Inspiratory and 
expiratory wheezing was heard through the esophageal 
stethoscope. An inspiratory pressure of 60 cm H2O was 
required to inflate the lungs; deflation was impossible. 
Hyperinflated lungs covered the margin of the sternum and 
stayed motionless. Investigation of the endotracheal tube 
including easy passage of a suction catheter ruled out the 
possibility of kinking or blockage of the endotracheal tube. 
Fiberoptic bronchoscopic examination ruled out the possi- 
bility of tracheobronchial tree occlusion by mucus or blood 
clots. Central venous pressure and left atrial pressure at this 
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time were 10 and 8 cm H2O, respectively. There were no 
signs of pulmonary edema. A presumptive diagnosis of 
severe bronchospasm was made and treatment was insti- 
tuted with intravenous injection of aminophylline, 250 mg, 
and methylprednisolone, 1 g. There was no noticeable 
improvement. Thirty minutes after the development of 
bronchospasm, 250 ug of epinephrine was administered 
intravenously. Perfusion pressure soared to 160 torr in- 
stantly. Within 5 minutes the lung gradually deflated, ven- 
tilation could be resumed, and perfusion pressure decreased 
to 80 torr. Heparin was reversed with protamine sulfate, 
150 mg IV. Ventilation was controlled with the same ven- 
tilator with a peak inspiratory pressure of 28 cm H2O. There 
was no further recurrence of bronchospasm during the 
remainder of the procedure or in the postoperative period. 
The patient was discharged 2 weeks later from the hospital 
in satisfactory condition. 


Case 2 


In February 1981, a 50-year-old, 70-kg 167-cm white man 
with a long history of hypertension and diabetes mellitus 
was incapacitated from angina pectoris despite medication 
with propranolol, 120 mg, isosorbid dinitrate, 120 mg, as- 
pirin, 600 mg, and hydrochlorothiazide, 50 mg, daily. He 
had no symptoms of congestive heart failure. There was no 
personal or familial history of bronchial asthma. The patient 
had no allergies. Cardiac catheterization revealed three- 
vessel narrowing amenable to surgery; coronary angiogra- 
phy showed normal left ventricular function. He was sched- 
uled for coronary revascularization. 

One hour before surgery the patient received morphine 
sulfate, 10 mg, and scopolamine, 0.6 mg IM. On arrival in 
the operating room blood pressure was 150/90 torr, pulse 
rate 76 beats per minute, respirations 20 breaths per minute 
without wheezing on auscultation. After venous and arterial 
cannulation and institution of appropriate monitoring, an- 
esthesia was induced with diazepam, 20 mg, and morphine 
sulfate, 35 mg, in incremental doses over a 15-minute period 
while 100% oxygen was administered by face mask. Muscle 
relaxation was obtained with 0.1 mg/kg of pancuronium. 
Two minutes before tracheal intubation 160 mg of lidocaine 
was applied topically to the trachea. Tracheal intubation 
was easily performed and anesthesia was maintained with 
50% N2O in oxygen (2:2 L/min). Ventilation was controlled 
with an Airshields ventilator delivering a tidal volume of 10 
ml/kg at a frequency of 12 breaths per minute with an 
inspiratory pressure of 20 cm HO. Arterial blood gas 
tensions revealed satisfactory oxygenation and ventilation. 
One hour and fifteen minutes later ECC was begun; the 
lungs were inflated statically with oxygen at a pressure of 
5 cm HO. Prime and cardioplegic solutions were the same 
as in case 1. 

After 90 minutes of cardiopulmonary bypass and com- 
pletion of coronary vein grafting, just before ECC was to be 
terminated, attempts to inflate the lungs met with great 
difficulty. The lungs gradually inflated but deflation was 


impossible. Inspiratory and expiratory wheezing was heard 
through the esophageal stethoscope. Investigation of the 
endotracheal tube and trachea with a fiberoptic broncho- 
scope revealed no obstruction. Tracheal suctioning pro- 
duced only a small amount of clear mucus; left atrial 
pressure and central venous pressure were 8 and 15 cm 
H:O, respectively. A presumptive diagnosis of broncho- 
spasm was made and treatment was instituted with amino- 
phylline, 250 mg, and methylprednisolone, 1 g, given intra- 
venously while ECC continued. The lungs gradually de- 
flated within 10 minutes and ventilation became feasible. 
ECC was terminated, and there was no further recurrence 
of bronchospasm. The lungs remained compliant, and there 
was no wheezing for the remainder of the procedure and 
the postoperative period. The patient was discharged from 
the hospital 2 weeks later in satisfactory condition. 


Discussion 


In the two cases presented, bronchospasm was 
detected at the end of the bypass period when the 
first attempts to inflate the lungs met with resistance. 
Presumptive diagnosis of bronchospasm was possible 
on the basis of inspiratory and expiratory wheezing, 
high inflating pressure of the lungs with difficulty to 
deflate, normal left and right atrial pressures, and 
absence of tracheobronchial occlusion by the fiber- 
optic bronchoscopy. Because bronchospasm follow- 
ing thoracotomy (2-5), during cardiopulmonary by- 
pass (1) is rare, its sudden and unexpected occurrence 
surprised and intrigued us. 

The cause of the bronchospasm described here is 
not precisely known. Likely causes include: (a) acti- 
vation of C3a and C5a complement anaphylatoxins 
during cardiopulmonary bypass; ( b) allergic reactions 
to various agents used for induction and maintenance 
of anesthesia, to various ingredients of priming and/ 
or cardioplegic solution, and blood products used 
during bypass; and (c) light levels of anesthesia which 
produced reflex bronchiolar smooth muscle contrac- 
tion. 

Production of C3a and C5a complement-derived 
anaphylatoxins is known to occur in almost every 
patient having cardiopulmonary bypass (7). Anaphy- 
latoxins stimulate the release of mast cell histamine, 
contract smooth muscle, and increase vascular perme- 
ability. It is well recognized that histamine release and 


bronchospasm are closely related even though anti- 


histamines have never been proven to prevent or 
reverse bronchospasm. Several observations implicate 
the pump oxygenator as a cause of complement acti- 
vation during cardiopulmonary bypass (7). Duration 
of bypass has close correlation with the level of C3a 
and C5a complements. However, a causal relation 
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between the actions of the anaphylatoxins and bron- 
chospasm has not yet been documented. 

The two cases presented here occurred in a 3- 
month interval. However, drugs and materials used 
in the disposable bypass equipment did not differ in 
either case from those used routinely in other cases. 
Yet an allergic reaction to various agents used during 
the anesthetic and/or bypass periods cannot be ruled 
out. 

In both of our cases, response to conventional 
treatment was satisfactory after the presumptive di- 
agnosis were made. Treatment included the use of 
aminophylline, methylprednisolone, and epineph- 
rine. Therapy with a strong beta-stimulating agent 
such as epinephrine in our first case should be un- 
dertaken only with caution in a patient with coronary 
artey disease. For this reason we continued ECC 
during administration of epinephrine (case 1), and 
until bronchospasm was relieved (case 2) to ensure 
proper balance of myocardial oxygen supply and 
demand. 
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In summary, this report presents bronchospasm as 
a rare complication of cardiopulmonary bypass. The 
possible causes of the bronchospasm are described 
and the appropriate management is suggested. 
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Nitroglycerin Adsorption 
to Polyvinylchloride 
Seriously Interferes with 
Its Clinical Use 


Dennis D. Cote, MSc(Pharm),* and 
Mark G. Torchia, ACICT 


Extemporaneous preparations of intravenous nitro- 
glycerin solutions are currently being used in a num- 
ber of centers to control intraoperative hypertension 
(1), severe aortic regurgitation (2), and hypertension 
in pregnancy during cesarean section (3), and for 
reduction of myocardial ischemia (4). A satisfactory 
injectable product may be prepared by using sublin- 
gual nitroglycerin tablets (5), nitroglycerin adsorbed 
onto lactose (6), or directly synthesized nitroglycerin 
(7). The material is dissolved in normal saline and the 
solution is sterilized by filtration. 

With increasing use of intravenous nitroglycerin, a 
number of reports have been published describing 
apparent drug instability and binding to various in- 
travenous containers and delivery sets. Several of 
these reports, however, provide conflicting data. 

Our center has used nitroglycerin intravenously for 
approximately 8 years and over this period it has been 
noted that often the response to the drug seemed to 
be inappropriate in relation to the dose administered. 
To determine the cause of this inconsistent dose 
response, a series of in vitro experiments has been 
performed in an effort to reproduce the findings of 
published reports and to relate these to our experi- 
ences with this drug. During the course of these 
investigations we were able to document a clinical 
case in which nitroglycerin was administered using 
two different delivery systems and thus compare our 
in vitro findings to an in vivo situation. 


Case Report 


A 55-year-old man weighing 75 kg was seen in the 





* Department of Pharmacy. 

t Department of Surgery. 

Received from the Departments of Pharmacy and Surgery, St. 
Boniface General Hospital, Winnipeg, Manitoba, Canada. Accepted 
for publication March 1, 1982. 

Reprint requests to D. Cote, Department of Pharmacy, St. 
Boniface General Hospital, 409 Tache Avenue, Winnipeg, Mani- 
toba, R2H 2A6 Canada. 


emergency room with chest pain and shock, subsequently 
shown by electrocardiogram and enzyme levels to be due 
to an acute myocardial infarction. He was hypotensive and 
anuric and was immediately admitted to the intensive care 
unit where an intra-aortic balloon catheter was inserted 
through the common femoral artery to maintain his blood 
pressure. 

The patient was given dopamine, 40 mg/hr, and nitro- 
prusside, 6.6 ug/kg/min, to regulate his blood pressure. On 
day 4 the nitroprusside was replaced by nitroglycerin and 
the balloon catheter was removed. The nitroglycerin was 
initially given by a Sage (Sage Instruments, Division of 
Orien Research Inc, Cambridge, MA) pump through a 
polyethylene line (Cobe Laboratories, Lakewood, CO) at a 
dose of approximately 0.67 ug/kg/min. Response to this 
therapy was satisfactory, and the nitroglycerin dose re- 
mained relatively constant. The nitroglycerin administration 
was then switched to an Imed (Imed Canada Inc, Missis- 
sauga, Ontario, Canada) pump with polyvinylchloride ad- 
ministration lines (Baxter Travenol Laboratories, Malton, 
Ontario, Canada). The dose increased over 5 hours to a 
maximum of 8.8 ug/kg/min, but despite the increased dose 
the blood pressure became difficult to regulate. The admin- 
istration of nitroglycerin was changed back to Sage admin- 
istration with the polyethylene line on day 5, and subse- 
quently the dose was decreased to a relatively constant rate 
of 1.12 ug/kg/min with an appropriate response (Figure). 
The nitroglycerin was discontinued on the following day. 


Discussion 


This patient’s blood pressure was maintained rea- 
sonably well with both the polyethylene and the 
polyvinylchloride tubing, but the pressure was sub- 
stantially more difficult to regulate when the polyvi- 
nylchloride set was used. This was reflected in the 
more frequent dosage adjustments required with the 
polyvinylchloride set. Blood pressure was equally well 
maintained with both the polyethylene and polyvi- 
nylchloride sets; this was probably due primarily to 
frequent dose adjustments when polyvinylchloride 
tubing was used (Table). 

An evaluation of the dose required for blood pres- 
sure maintenance showed that the dose required to 
maintain the blood pressure with the polyethylene set 
was very different from that needed with the polyvi- 
nylchloride set (Table). This case demonstrates that 
when a polyvinylchloride set is used a dose approxi- 
mately 10 times that used with a polyethylene set 
may be needed to achieve the same therapeutic re- 
sponse. 

It has been shown that the loss of drug in polyvi- 
nylchloride plastic tubing is inversely proportional to 
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FiGuRE. Nitroglycerin dose and blood pressure versus time and 
type of plastic. Blood pressure, diastolic values; PVC, polyv- 
nyichioride; PE, polyethylene; TNG, nitroglycerin. 


TABLE 


Dose-Response Data for Polyethylene (PE) and 
Polyvinyichioride (PVC) Administration Lines 


Mean(+SD) ` Significance" 

Dose adjustments /24 hr 

PE 1.5 (-—) 

PVC ‘ 8.0 (—) 
Dose adjustment (ug/kg/min) 

PE 0.179 (+0.108) 

PVC 2.23 (+ 1.55) aad, 
Blood pressure maintenance 

(mm Hg) 

PE 89.1 (+4.87) NS 

PVC 89.6 (+5.76) 
Maintenance dose (ig /kg/min) 

PE 0.486 (40.319) 

PVC 5.13 (+2.609) P < 9.001 


* Determined by Student’s f-test. 


the flow rate (8, 9) and that the loss of drug is due to 
a sorptive process since the intact drug which had 
been lost could be recovered by elution with methanol 
(6). It has also been shown that the amount of. nitro- 
glycerin lost is directly proportional to the surface 
area of the polyvinylchloride plastic to which it is 
exposed (10). Nitroglycerin does not appear to be 
adsorbed by contact with polyethylene tubing (9), 
polyolefin containers (11), glass (12), or polypropyl- 
ene (D. Cote and M. Torchia, unpublished data, 1981). 
Our own work, which was done to conform to the 
conditions under which the drug is used at this insti- 
tution, agrees with these findings (unpublished data). 

Two papers that reported on loss of nitroglycerin 
in glass and plastic intravenous containers showed 
that the concentration of drug declined exponentially 
with time in both types of containers (5, 13). This 
finding has not been substantiated by other workers 
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(6, 8, 9, 12, 14), and it should be noted that in one of 
these studies (13), samples for drug assay from the 
glass bottles were withdrawn through a short length 
of plastic tubing, the composition of which was not 
stated. 

The mechanism of nitroglycerin loss in intravenous 
containers and lines has not yet been elucidated, 
although one series of kinetic and equilibrium studies 
has been published (15) and the foundation for a 
mathematical model describing this drug loss has 
been reported (16). 

A recent publication suggested that the adsorbing 
sites on the administration set could be saturated 
before use (17). As the exact mechanism of drug loss 
is not known, the point at which drug loss becomes 
insignificant may vary considerably with different 
types of administration sets and containers (10). A 
potential hazard with presaturation is the fact that the 
bound drug can be eluted with methanol (6), a fact of 
importance inasmuch as several intravenous formu- 
lations for drugs with poor water solubility use a 
vehicle composed of propylene glycol, water, and 
ethanol, which presumably might also elute the nitro- 
glycerin from the plastic tubing. Examples of these 
formulations include furosemide, digoxin, and phen- 
ytoin. If an administration line “saturated” with nitro- 
glycerin were to be used for the bolus administration 
of one of those drugs, it is conceivable that a concom- 
itant “bolus” of eluted nitroglycerin would be admin- 
istered. Preliminary work in our laboratory supports 
this possibility. 

It would appear that use of polyvinylchloride plas- 
tics should be avoided at any stage of the preparation, 
storage, or administration of intravenous nitroglycerin 
to prevent possible dosage inconsistencies. 


REFERENCES 


1. Kaplan JA, Dunbar RW, Jones EL. Nitroglycerin infusion dur- 
ing coronary-artery surgery. Anesthesiology 1976;45:14-21 

2. Cottrell JE, Turndorf H. Appraisal and reappraisal of cardiac 
therapy. Am Heart J 1978;96:550-3. 

3. Snyder SW, Wheeler AS, James FM. The use of nitroglycerin 
to control severe hypertension of pregnancy during cesarean 
section. Anesthesiology 1979;51:563-4. 

4, Flaherty JT, Reid PR, Kelly DT, Taylor DR, Weisfeld ML, Pitt 
B. Intravenous nitroglycerin in acute myocardial infarction. 
Circulation 1975;51:132-9. 

5. Sturek JK, Sokoloski TD, Winsley WT, Stach PE. Stability of 
nitroglycerin injection determined by gas chromatography. Am 
J Hosp Pharm 1978;39:537-40. 

6. McNiff BL McNiff EF, Fung HL. Potency and stability of 
extemporaneous nitroglycerin infusions. Am J Hosp Pharm 
1979;36:173~—7, 

7. Dean TW, Baun DC. Preparation and standardization of nitro- 
glycerin injection. Am J Hosp Pharm 1975;32:1036-8. 

8. Branje JPA, Berghuis B. Adsorption of TNG. Am Heart J 
1980; 100:409~—10. 








13. 


CLINICAL REPORTS 


. Cossum PA, Galbraith AJ, Roberts MS, Boyd GW. Loss of 


nitroglycerin from intravenous sets, Lancet 1978;2:349-50. 


. Baaske DM, Amann AH, Wagenknecht DM, et al. Nitroglyc- 


erin compatibility with intravenous fluid filters, containers, and 
administration sets. Am J Hosp Pharm 1980;37:201-5. 


. Amann AH, Baaske DM, Wagenknecht DM. Plastic IV con- 


tainer for nitroglycerin. Am J Hosp Pharm 1980;37:618 


. Boylan CB, Robison MS, Terrill MS. Stability of nitroglycerin 


solutions in Viaflex plastic containers. Am ] Hosp Pharm 
1978;35:1031. 

Ludwig DJ, Ueda CT. Apparent stability of nitroglycerin in 
dextrose 8% in water. Am J Hosp Pharm 1978;35:541-4. 


14, 


15. 


16. 


17. 


Crouthamel WG, Dorsch B, Shangraw R. Loss of nitroglycerin 
from plastic intravenous bags. N Engl } Med 1978;299:262. 
Yuen CH, Denman SL, Sokolski TD, Burkman AM. Loss of 
nitroglycerin from aqueous solution into plastic intravenous 
delivery systems. J Pharm Sci 1979;68:1163~-6. 

Malick AW, Amann AH, Baaske DM, Stoll RG. Loss of nitro- 
glycerin from solutions to intravenous plastic containers: a 
theoretical treatment. ] Pharm Sci 1981;70:798~800. 

McNiff EF, Yacobi A, Young-Chang FM, Golden LH, Goldfarb 
A, Fung HL. Nitroglycerin pharmacokinetics after intravenous 
infusion in normal subjects. J Pharm Sci 1981;70:1054~-8. 


ANESTHESIA AND ANALGESIA 
Vol 61, No 6, June 1982 


543 


A Potential Hazard 
of Thermodilution 
Injection 

To the Editor: 


Cardiac output measurement by 
thermodilution is widely used today. 
Hand-held, carbon dioxide-powered 
injectors increase the precision of 
these measurements. We report here 
a potential hazard of the OMP 3720 
injector. 

During an injection for a cardiac 
output determination, the injector 
stopped halfway through the injec- 
tion. The syringe was removed to fa- 
cilitate changing the COs cartridge. 
The old cartridge was removed and a 
new one put in place. As soon as the 
new CO cartridge was seated, the 
injector spontaneously fired and 
caught the operator’s left ring finger 
between the plunger which drives the 
syringe and the distal end of the in- 
jector where the syringe barrel is held. 
It was impossible to release the 
plunger until we realized that the trig- 
ger on the injector was in the inject 
(down) position. As soon as the trig- 
ger was switched to the aspirate (up) 
position it was possible to free the 
finger. Fortunately, the operator suf- 
fered only soft tissue trauma. 

We recommend that COs car- 
tridges be changed only when the 
switch is in the up (aspirate) position 
and that fingers be kept clear of the 
path of the injector plunger. 


Antoun Koht, MD 
Department of Anesthesia 
Northwestern University 
Medical School 
Chicago, IL 60611 


Diazepam in an Oil 
Emulsion 


To the Editor: 
Pain and thrombophlebitis associ- 
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TO THE EDITOR 


ated with the injection of diazepam 
seem to be less frequent and less se- 
vere when diazepam is dissolved in 
oil and emulsified in water than when 
dissolved in an aqueous vehicle with 
organic solvents (1). 

We compared in a double-blind 
study the effects of diazepam dis- 
solved in oil and the effects of an 
aqueous solution of diazepam dis- 
solved in ethyl ether and glycofuro- 
lium. 

It has been shown (2) that there is 
no significant difference between pro- 
pylene-glycol and glycofurolium on 
local venous reactions. 

Twenty consecutive patients (aged 
35 to 75 years) undergoing elective 
gastroscopy were studied. Thirty 
minutes before endoscopy 10 to 20 
mg of morphine and 0.15 to 0.3 mg of 
scopolamine hydromromide were 
given subcutaneously. Immediately 
before the gastroscopy a disposable 
Teflon cannula was placed in a vein 
on the back of each hand. Local an- 
esthesia was applied to the throat and 
7.5 mg of diazepam in oil and 7.5 mg 
of diazepam in aqueous vehicle were 
simultaneously injected in a double- 
blind manner into the two cannulas. 

The patients were at once asked 
which hand, if either, had pain asso- 
ciated with the injection, followed by 
flushing of both catheters. If extrava- 
sation occurred the patient was ex- 
cluded from the study. Four days later 
the veins were examined for redness, 
tenderness, and induration; if all three 
were present, thrombophlebitis was 
considered to be present. 

The results were as follows: Eigh- 
teen patients reported that the admin- 
istration of diazepam in an aqueous 
vehicle was more painful than diaze- 
pam in oil. No patients reported di- 
azepam in oil more painful than di- 
azepam in an aqueous vehicle and 
two patients reported that diazepam 
in oil was equally as painful in both 
hands as the other method or that 
there was no pain in either hand. 

There were no cases of thrombo- 
phlebitis after diazepam in oil; there 


were three cases of thrombophlebitis 
after diazepam in the aqueous solu- 
tion. 

The difference in the incidence of 
pain between the solutions was statis- 
tically significant (p < 0.01). The 
numbers of cases of thrombophlebitis 
were to low in this small number of 
patients to allow calculation of statis- 
tical significance. 

Diazepam in oil emulsion has the 
same therapeutic effect when admin- 
istered intravenously as it does when 
injected in an aqueous solution (3). 
The price in Denmark for diazepam 
in oil (Diazemuls) is approximately 
twice the price of the commonly used 
diazepam preparations, If this were 
not the case, we would routinely rec- 
ommend the use of diazepam in oil 
emulsion as intravenous medication 
before endoscopy. 


Bjarne Kromann, MD 
Jørgen Jørgensen, MD 
Steen Larsen, MD 
Department of Medicine 
Hørsholm Hospital 

DK 2970, Denmark 
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Consistency of 
Action of Midazolam 


To the Editor: 


The recent paper by Samuelson 
and colleagues (1) and publications 
from the same department (2-4) and 





elsewhere (5-7) concern us, in that 
they suggest that midazolam is a sat- 
isfactory induction agent, comparable 
in consistency of action with thiopen- 
tal. This has not been our experience 
in more than 500 administrations of 
this promising water-soluble benzo- 
diazepine. 

In initial volunteer studies (8) we 
found a great individual response to 
the drug, which was not related to the 
weight of the subjects. Subsequently 
we evaluated doses ranging from 0.15 
to 0.50 mg/kg using a variety of pre- 
medicants (9). Here again we noted a 
wide variability in response, particu- 
larly in unpremedicated patients. As 
with diazepam, it often took up to 3 
minutes from the end of injection for 
the full effect to occur. Narcotic pre- 
medication potentiated the sedative 
effect of midazolam. One important 
finding was the greater predictability 
of action and lower dosage require- 
ments in the elderly. This has since 
been confirmed in pharmacokinetic 
studies where a greater initial volume 
of distribution and a longer terminal 
half-life was found in patients aged 
60 years and older compared with a 
comparable group in the age range of 
20 to 40 years (10). Even when using 
it in heavily premedicated patients 
scheduled for coronary artery sur- 
gery, such as in the series of Samuel- 
son et al, we have not found it to be 
reliable in action. 

An intravenous induction agent 
must be reasonably consistent in its 
action and preferably effective doses 
should induce anesthesia in one arm- 
brain circulation time (11). When in- 
jected rapidly in the period of forearm 
reactive hyperemia following release 
of an arterial tourniquet, effective 
doses of thiopental, methohexital, a 
number of other thiobarbiturates, Al- 
thesin (12), and minaxolone (13), will 
induce anesthesia in 10 to 13 seconds. 
The average time of onset of 4+ mg/ 
kg of thiopental was 10.1 seconds, 
and this dose was effective in all of 
the 40 unpremedicated patients stud- 
ied (13). We have measured the time 
from end of injection to induction in 
unpremedicated subjects given 0.3 
mg/kg of midazolam during a period 
of reactive forearm hyperemia. Our 
findings (Table) confirm the lack of 
consistency of action of midazolam in 
the young, with a slower onset time 
than with thiopental. 


LETTERS TO THE EDITOR 


TABLE 


Effect of Midazolam (0.3 mg/kg) in 
Young and Elderly Patients * 





No. of 
No. of patients Av onset 


Age patients asleep in time 
5 min 
yr sec 
20-40 10 4 37.5 
60+ 7 7 23.6 


* Drug was injected rapidly in a large 
forearm vein at the height of reactive 
hyperemia following release of arterial 
tourniquet. 


In the light of these data we feel 
that midazolam is most useful as a 
sedative-hypnotic rather than as an 
induction agent. It has now been used 
for this purpose in more than 200 
patients undergoing various dental 
procedures under local anesthesia or 
for endoscopy and has proved most 
valuable in this field. 

We are at a loss to explain the 
difference between our findings and 
those of our American counterparts. 
It cannot be due to racial or environ- 
mental factors as at least one Ameri- 
can author has noted this variability 
of action with midazolam (14). We do 
fee] that a promising drug could get 
into disrepute if it is used for the 
wrong indications. 


]. W. Dundee, MD, PhD 
P. Kawar, MD 
Department of Anaesthetics 
The Queen’s University 
of Belfast 
Whitla Medical Building 
97 Lisburn Road 
Belfast, BT9 7BL 
Northern Ireland 
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To the Editor: 


In response to the letter of Drs. 
Dundee and Kawar regarding con- 
sistency of action of midazolam: If 
one reads our pubications (1-6) care- 
fully, it is clear that in only one have 
we actually compared midazolam 
with thiopental, and in that article (2) 
we stated, “There are some advan- 
tages to each drug. Thiopentone is 
more rapid and specific for induction 
of anaesthesia and midazolam is su- 
perior for maintenance.” We have not 
only admitted that interindividual 
variability occurs with midazolam (2, 
4, 5), but have actually tried to inves- 
tigate the cause for this variability, 
relating it in part to differences in 
serum protein concentration (5). An- 
other important variable that we (7) 
and Gamble et al (8) have shown is 
the influence on midazolam induction 
of premedication: the stronger the 
premedication, the more rapid the in- 
duction. 


545 


We would like to emphasize that 
midazolam is a 1,4-benzodiazepine. 
Benzodiazepines are versatile drugs. 
They have hypnotic, amnestic, anti- 
convulsant, anxiolytic, and muscle re- 
laxant properties. Midazolam will be 
used not only for premedication and 
sedation during procedures but also 
for induction of anesthesia in some 
patients. It is superior to diazepam for 
induction of anesthesia (1, 6), the drug 
with which we feel it most properly 
should be compared as both are 1,4- 
benzodiazepines, Advantages of mid- 
azolam over diazepam are: greater 
water solubility (at pH <4.0) (7), less 
pain on injection (1), more rapid ac- 
tion (1, 6), less interindividual varia- 
tion in response to a milligram per 
kilogram intravenous injection (1, 6), 
shorter duration of action (9), more 
rapid total body clearance (10, 11), 
and significantly shorter t a and th 
8 (10, 11). Additional advantages of 
midazolam may include better intra- 
muscular absorption and a lower in- 
cidence of thrombophlebitis. A pos- 
sible disadvantage of midazolam 
compared with diazepam is that hy- 
potension is more frequently encoun- 
tered during induction with midazo- 
lam (6). 

We agree with Dundee and col- 
leagues that an induction agent must 
be reasonably consistent in its action, 
and we have found in our experience 
that when given in appropriate doses 
of 0.2 mg/kg over 5 to 15 seconds (4), 
that midazolam is “reasonably” con- 
sistent and reliable (1-6). We do not 
agree that an induction agent always 
“should induce anesthesia in one 
arm-brain circulation time” nor do we 
agree with the implication that rapid- 
ity of hypnotic action is the most 
important pharmacodynamic effect. 
Not all patients require induction in 
one circulation time; indeed, in order 
to ensure more than one circulation 
time in some patients, slower induc- 
tions are required. For example, in 
A.S.A. class HI and IV patients it is 
often preferable to use a slower acting 
benzodiazepine such as diazepam, 
which produces significantly less car- 
diovascular depression, than the more 
rapidly acting thiopental (12). Also, 
there are many pediatric patients in 
whom an inhalation anesthesia induc- 
tion is most appropriate. 

In conclusion, we feel as we did in 
1979 that “midazolam does not de- 
throne thiopentone (2) as king of the 
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anesthesia induction agents.” How- 
ever, it will probably become a more 
popular benzodiazepine than diaze- 
pam in the practice of anesthesia. 
Among induction agents, midazolam 
as a benzodiazepine will find a secure 
place alongside drugs of the barbitur- 
ate, phencyclidine, steroid, eugenol, 
and other classes. Each has unique 
pharmacologic properties which 
anesthesiologists have learned to rely 
on to accomplish the particular anes- 
thesia induction indicated for an in- 
dividual patient. We concur with the 
statement of a prominent investigator 
in this field who stated, “It is apparent 
that many intravenous agents are 
available to the anesthesiologist. It is 
hoped that a broader view of the po- 
tential of non-barbiturate anesthetics 
will be taken. Proper understanding 
and use of these drugs require the 
special skills of an anesthesiologist 
who, in this context, is truly an ‘ap- 
plied pharmacologist’” (13). 

J. G. Reves, MD* 

Paul N. Samuelson, MD 

H. Ronald Vinik, MD 

Department of Anesthesiology 

University of Alabama in 

Birmingham Medical Center 
Birmingham, AL 35294 
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Laser Fire Hazards 


To the Editor: 


Although we agree that there are 
fire hazards associated with the use of 
carbon dioxide lasers and that tech- 
niques that prevent fire hazards 
should: be used, the article by Patel 
and Hicks (1) contains several errors 
of fact and interpretation that seri- 
ously interfere with the achievement 
of their goal. 

The authors appear to imply that 
lower powered lasers are less danger- 
ous than higher powered lasers. We 
feel that it is dangerous to draw con- 
clusions relating the power of the 
laser to the time required to ignite an 
endotracheal tube. In principal, any 
laser capable of vaporizing tissue can 
immediately ignite an endotracheal 
tube if the beam is sufficiently well 
focused. 

The recommendation that inspired 
oxygen concentrations be kept at 20% 
to 25% is in agreement with earlier 
studies. (2, 3) However, these earlier 
studies referred to oxygen in air and 
not nitrous oxide as nitrous oxide 
alone and in all combinations with 
oxygen readily supports combustion. 

The recommendation that all metal 
surfaces used around the laser be 
“well buffed” contradicts the physical 
principles governing reflection of 
light from metallic surfaces. Nonspe- 
cular reflection of a focused beam (as . 
from a matte surface) reduces the en- 
ergy density of the beam. Thus, “well 
buffed” (mirror-like) surfaces should 
be avoided. 

The statement that both “halo- 
thane and nitrous oxide are flamma- 
ble” is simply untrue. The National 
Fire Protection Association defines a 
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flammable liquid as one having a 
flash point less than 37.8°C and hav- 
ing a vapor pressure at that tempera- 
ture of less than 2068.6 torr. A com- 
bustible liquid is similarly defined as 
having a flash point greater than 
37.8°C, (4) By these definitions nei- 
ther halothane nor nitrous oxide is 
flammable or even combustible al- 
though nitrous oxide will support 
combustion. 


Michael J. Bennett, MD, PhD 

Carol A. Hirshman, MD 

Department of Anesthesiology 
School of Medicine 

The Oregon Health Sciences 
University 

Portland, OR 97201 


REFERENCES 


1. Patel KF, Hicks JN. Prevention of fire haz- 
ards associated with use of carbon dioxide 
lasers. Anesth Analg 1981;60:885-8. 

2. Hirshman CA, Smith J. Indirect ignition of 
the endotracheal tube during carbon diox- 
ide laser’ surgery. Arch Otolaryngol 
1980; 106:539-41. 

3. Wainwright AC, Moody RA, Carruth JAS. 
Anaesthetic safety with the carbon dioxide 
laser. Anaesthesia 1981;36:411-5. 

. National Fire Protection Associaton Code 
321. Battery March Park, Quincy, MA 
02269, 1976. 


tn 


Aminophyiline- 
Theophylline Drug 
incompatibilities 


To the Editor: 


The review article on aminophyl- 
line (1) by Stirt and Sullivan was very 
thorough. However, we would like to 
point out an important area for the 
anesthesiologist that was overlooked, 
namely the potential physical and 
chemical incompatibilities when the 


theophylline in aminophylline is © 


combined with other drugs. 

Theophylline is a basic drug, with 
a pH between 8.6 and 9.0 (2). Opti- 
mum stability occurs at pH 8.0 and 
above. Crystals of theophylline will 
form below pH 8.0 but probably not 
unless the concentration is greater 
than 40 mg/ml. This incompatibility 
is therefore more likely to occur if 
certain admixtures are made in sy- 
ringes or small volumes of fluids than 
if components are added separately 
to large volume intravenous fluids (2- 
4). 
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Because of the alkalinity of theoph- 
ylline-containing solutions, drugs 
known to be alkali-labile should be 
avoided in admixtures. These include 
epinephrine HCl, levarterenol bitar- 
trate, isoproterenol] HCI, and penicil- 
lin G potassium (2, 3). 

Published studies on compatibility 
have used physical and/or chemical 
incompatibility as their criteria. Phys- 
ical or visual incompatibilities are 
typified by precipitation, efferves- 
cence, color change, turbidity, or 
cloudiness. Chemical incompatibility 
usually involves the degradation of 
drugs to produce therapeutically in- 
active or toxic products (2). Thus, it 
should be noted that incompatibility 
literature has several limitations, for 
example, lack of observable visual in- 
compatibilities does not necessarily 
indicate chemical stability. Therapeu- 
tic incompatibilities are not usually 
addressed. In addition, most of the 
literature does not assess factors such 
as concentration, order of mixing, dif- 
fering formulations of a drug made 
by different manufacturers, and the 
materials from which the containers 
are made (4). 

The following is a list of drugs 
reported (2-11) to be physically or 
chemically incompatible when mixed 
with theophylline: 


Antimicrobials 
Amikacin sulfate 
Cephalothin sodium 
Cephapirin sodium 
Chloramphenicol sodium succinate 
Chlortetracycline HC] 
Clindamycin phosphate 
Erythromycin gluceptate 
Nafcillin sodium 
Novobiocin sodium 
Oxytetracycline HCI 
Penicillin G potassium 
Sulfadiazine sodium 
Sulfisoxazole diolamine 
Tetracycline HCl 
Vancomycin HC] 


Analgesics/Anesthetics 
Anileridine HCL 
Anileridine phosphate 
Codeine phosphate 
Levorphanol bitartrate 
Meperidine HC] 
Methadone HC] 
Morphine sulfate 
Pentazocine lactate 
Procaine HC] 
Thiopental sodium 
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Adrenergics 
Epinephrine HC] 
Isoproterenol HCl 


Tranguilizers/Antiemetics 
Chlorpromazine HC] 
Diazepam 
Dimenhydrinate 
Hydroxyzine HCI 
Prochlorperazine edisylate 
Promazine HCl 
Promethazine HC] 


Vitamins 

Ascorbic acid 

MVI-12 

Vitamin B complex 
Vitamin B complex with C 


Intravenous Solutions 
Fructose 10% in HzO 
Fructose 10% in NaCl 
Invert sugar 10% in HzO 
Invert sugar 10% in NaCl 


Miscellaneous 

Cimetidine HC] 

Corticotropin 

Doxapram HC] 

Hydralazine HCl 

Insulin, regular 

Methylprednisolone sodium succi- 
nate 

Phenytoin sodium 

Succinylcholine chloride 


This list is by no means inclusive. We 
thus urge clinicians to check with the 
pharmacist if there is any question 
concerning the potential incompati- 
bility of theophylline with other 
drugs. 

James A. Visconti, PhD 

Vicente J. Tormo, RPh 

Joseph F. Dasta, MS 

Drug Information Center 

Ohio State University Hospitals 

Columbus, OH 43210 
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The Practice of Electro- 
cardiography, by T. M. 
Blake, Garden City, NY, 
Medical Examination Pub- 
lishing Co., Inc., 1980, 
236 pp, $12.00. 


The laudable goal of this short 
book is to take the interpretation of 
electrocardiagrams (ECGs) away from 
the isolation of the ECG lab, where 
pattern recognition is the sine qua 
non, and move to the bedside where 
physiologic principles can be applied 
to individual patients with specific 
signs and symptoms. This goal, how- 
ever, is only partially achieved. 

Although this book is directed pri- 
marily toward medical students, the 
preface netes that there is something 
here for everyone, from laboratory 
technicians to practicing physicians. 
Trying to encompass this broad au- 
dience causes much of the problem. 
The first section describes, in a very 
elementary way, the electrical genesis 
of the ECG, and this is followed im- 
mediately by a more detailed look at 
vector analysis of the QRS complex 
and the T wave. The second section 
addresses mechanisms, including ar- 
rhythmias. In the third section, which 
deals with structure and function, the 
approach is somewhat unique and 
helpful for the beginner—OQRS mor- 
phology indicating specific structural 
alteration (hypertrophy, infarction) 
with ST-T analysis reflecting func- 
tional or metabolic change (ischemia, 
electrolyte abnormality). 

Unfortunately, the mechanism sec- 
tion is found wanting. The definition 
of each arrythmia is usually limited to 
a few short sentences with a marked 
paucity of accompanying ECG strips. 
Those that are present are black on 
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gray, without formal explanation of 
format, and occasionally the legends 
are difficult to read. New terminology 
is also introduced—‘‘usurping or de- 
fault” -instead of the more familiar 
ectopic and escape. 

The reference list is voluminous 
(699) and can direct the reader to a 
more detailed study, but it lacks or- 
ganization, either by chapter, subject, 
or author. 

| cannot recommend this book to 
the anesthesiologist looking for an in- 
troduction to electrocardiography. 
The early chapters are too basic (as 
they are meant to be), the latter ones 
too brief, and the discussion of ar- 
rythmias is inadequate for our needs. 

Stephen |. Thomas, MD 
Assistant Professor 
of Anesthesiology 
New York University 
Medical Center 
New York, NY 


Occupational Hazards to 
Operating Room and Re- 
covery Room Personnel, 
international Anesthesiol- 
ogy Clinics, Volume 19, 
edited by J. E. Cottrell, 
Boston, Little, Brown and 
Co., 1981, 183 pp, 
$40.00/yr. 


The foreword to this beok suggests 
that the reader will find answers to 
many troublesome questions, such as: 
Are the effects of very low concentra- 
tions of anesthetics on cell growth 
paralleled by the possibility of tera- 
togenicity and carcinogenicity? If an- 
esthetics at one concentration can 
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render a patient unconscious, can far 
lower concentration impair the 
thought processes of exposed person- 
nel? Is it possible to make an anes- 
thetic that is totally risk-free? Is it too 
castly to install scavenging equipment 
in every anesthetizing location? How 
should the cost-benefit ratio of the 
use of these drugs be evaluated? Un- 
fortunately, after reading this book, 
most of these questions remain un- 
answered as do the most pressing 
questions on the subject: Is working 
in the operating room hazardous at 
all and, if it is, is it because of contam- 
ination by waste anesthetic gases? 
The book is of uneven quality. 
Some of the chapters, such as those 
dealing with cell replication, the Bri- 
tish viewpoint on occupational haz- 
ards, and the effect of anesthetics on 
the immune system, clearly present 
what is known and what is not known 
about these subjects. The first chapter 
mentioned, by John Nunn, is an ex- 
cellent summary containing the most 
current information regarding the ef- 
fects of nitrous oxide on vitamin B; 
metabolism and the possible conse- 
quences that this may have on the 
nervous system. Other chapters are 
less relevant. In one chapter, the au- 
thors acknowledge that there is little 
or no information regarding trace lev- 
els of anesthetics and the subject of 
their chapter, and then they go on to 
discuss studies in which anesthetizing 
concentrations were used—an unjus- 
tified and potentially misleading ex- 
trapolation. The most serious prob- 
lem with the book, however, is its 
lack of balance. None of the chapters 
takes the point of view that the op- 
erating room may not be a hazardous 
location and, in fact, none systemati- 
cally examines the epidemiologic 
data. These data have often been crit- 
icized and were, to begin with, the 
basis for the assumption that the op- 
erating room was an occupationally 
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hazardous location. In summary, ex- 
cept for the chapter by Nunn, this 
reviewer would not recommend this 
book. 


Richard I. Mazze, MD 
Professor of Anesthesia 
stanford University 

School of Medicine 
Stanford, CA 


A Basis and Practice of 
Neuroanaesthesia, Sec- 
ond Edition, edited by E. 
Gordon, New York, Ameri- 
can Elsevier Publishing 
Co., Inc., 1981, 354 pp, 
$87.75. 


The second edition of this mul- 
tiauthored monograph firmly estab- 
lishes itself in the medical literature 
as an invaluable reference tool for all 
those involved in the care of the pa- 
tient with central nervous system ab- 
normalities. However, much repeti- 
tion occurs throughout, and perhaps 
the monograph would have been 
more effective and to the point if it 
had included only the following: the 
chapter, “The Effects of Anaesthesia 
on Cerebral Metabolism”; the section, 
“Measurement and Regulation of 
Cerebral Blood Flow and Pathophys- 
iology of Acute Brain Disease,” with- 
out the subsection, “Anaesthetic Pro- 
tection of Ischemic Brain,” in the 
chapter, “Anaesthesia and Cerebral 
Blood Flow”; the sections, “Gradi- 
ents of Intracranial Pressure,” and 
“Monitoring of Intracranial Pressure 
during Anaesthesia,” in the chapter, 
“The Influence of Anaesthetic Drugs 
and Techniques on Intracranial Pres- 
sure”; the sections, “Premedication,” 
“Position of the Patient during 
the Operation,” “Air Embolism,” 
“Monitoring during Anaesthesia,” 
and “Fluid and Blood Replacement 
during Operation and Emergence,” in 
the chapter, “Anaesthesia for Neu- 
rosurgery’; and the chapters, 
“Anaesthesia for Neuroradiological 
Examinations,” “Postoperative and 
Intensive Care,” “Induced Hypoten- 
sion,” and “Induced Hypothermia.” 
With the inclusion of only these 
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chapters, sections, and subsections, a 
more concise, nonrepetitive mono- 
graph would have been obtained. 
The chapter, “The Neurophysiol- 
ogy of Anaesthesia” is well written 
and informative, but the introduction 
and section, “The Nature of Anaes- 
thesia,” plus the subsection, “Control 
of Consciousness,” would more ap- 
propriately be found in a basic science 
text. The other section in this chapter 
would then be more valuable and 
clinically applicable if it had been 
titled, “Neurophysiologic Brain Mon- 
itoring,” with each section and sub- 
section written accordingly. 
Discussion of specific central nerv- 
ous system abnormalities such as 
hemorrhagic and ischemic disease, 
vasospasm, pituitary abnormalities, 
spinal cord abnormalities, etc, and re- 
cent advances in their management 
would have added to the book’s 
value. Discussion of newer treatment 
modalities and techniques such as 
naloxone, dimethyl sulfoxide and 
thyrotropin-releasing hormone for 
the prevention of central nervous sys- 
tem ischemia, and the calcium chan- 
nel blockers for deliberate hypoten- 
sion would have stimulated the reader 
to look forward to the next decade. 
The chapters by the editor are par- 
ticularly well written as a result of 
seemingly sound clinical experience. 
This monograph is a valuable re- 
source for review reading, despite the 
repetition and lack of inclusion of 
some of the newer, more exciting ad- 
vances. 


James E. Cottrell, MD 

Professor and Chairman 
Department of Anesthesiology 
SUN Y/Downstate Medical School 
Brooklyn, NY 


Adverse Reactions to An- 
aesthetic Drugs, edited by 
J. A. Thornton, New York, 
American Elsevier Publish- 
ing Co., Inc., 1981, 336 
pp, $97.00. 

This text is a scholarly work and 


should appeal to an international au- 
dience. It provides a complete source 


of references on drug interactions and 
adverse reactions to anesthetics, es- 
pecially those involving immunologic 
mechanisms. Referencing is extensive 
and complete through 1979, including 
many references in frequently over- 
looked journals. 

The title of the text is somewhat 
misleading. A more appropriate title 
might have been “Immunologic 
Mechanisms and Adverse Anaesth- 
etic Reactions,” as approximately 50% 
of the text is devoted to this topic. 
The remainder consists of an exten- 
sive review of adverse reactions to 
neuromuscular blockers, a chapter on 
operating room pollution, and re 
views of nonimmunologic drug inter- 
actions in anesthesia. 

As is not unusual in a multiau- 
thored text, there is often overlap in 
presentation. This is especially true 
for interactions involving the muscle 
relaxants that are extensively re- 
viewed in one chapter and more 
briefly reviewed in others. The 
reader's task is made difficult by the 
fact that the index is incomplete and 
frequently omits drugs listed in the 
text. 

The chapter discussing the immu- 
nologic mechanisms underlining hal- 
othane hepatitis is complete, but 
overlooks the controversy of whether 
halothane hepatitis is a significant 
clinical problem or, if so, whether it 
might result from direct hepatotoxic- 
ity from toxic metabolites. 

The chapter on the effects of en- 
vironmental pollution due to inhala- 
tion agents is excellent and is well 
referenced (to 1979) with a total of 
122 citations. 

In summary, Thornton has edited 
a monograph primarily dealing with 
immunologic mechanisms of anes- 
thetic interactions with additional dis- 
cussion of adverse reactions involving 
neuromuscular blocking agents and a 
review of operating room pollution. 
The text is exceedingly well refer- 
enced. The book should be of interest 
to those practitioners interested in im- 
munology and its relationship to ad- 
verse responses to anesthetic agents. 

Robert M. Julien, MD, PhD 

Associate Professor of 
Anesthesiology and 
Pharmacology 

Oregon Health Sciences 
University 

Portland, OR 
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data obtained from experiments performed in animals must clearly 
indicate that humane standards equal to those described by the 
American Physiological Society were employed. 

{llustrations and other materials taken from other sources must 
be properly credited and assurance provided that permission for 
reproduction has been obtained from the copyright owner and 
author, 


Editing. All papers will be edited for clarity, style, factual accu- 
racy, internal logic, and grammar. Papers extensively copy edited 
will be returned to the author(s) for retyping. Editing will include 
the addition, following the Abstract, of key words for indexing 


purposes. 


Manuscripts 


Manuscripts must be prepared and submitted in the manner 
described in “Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals” as described in Annals of Internal Medicine 
1979; 90: 95-9, and Lancet 1979; 1: 428-30. 

Type manuscripts on white bond paper, 20.3 by 26.7 cm or 21.6 
by 27.9 cm (8 by 10} in or 8} by 12 in) or ISO A4 (212 by 297 mm) 
with margins of at least 2.5 cm (1 in). Use double spacing through- 


out, including title page, abstract, text, acknowledgments, refer- 
ences, tables, and legends for illustrations. 

Begin each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, tables 
(each table, complete with title and footnotes, on a separate page), 
and legends, Number pages consecutively, beginning with the title 
page. Type the page number in the upper right-hand corner of each 
page. 

Illustrations must be good quality, unmounted glossy prints, 
usually 12.7 by 17.3 cm (5 by 7 in), but no larger than 20.3 by 25.4 
cm (8 by 10 in). 

Submit three copies of manuscript and figures in heavy-paper 
envelope. Submitted manuscript should be accompanied by cov- 
ering letter which includes the name and mailing address of the 
author to whom correspondence should be addressed. 

Authors should keep copies of everything submitted. 

Title Page. The title page should contain’ [1] the title of the 
article, which should be concise but informative; [2] a short running 
head or footline of no more than 40 characters (count letters and 
spaces) placed at the foot of the title page and identified; [3] first 
name, middle initial, and last name of each author, with highest 
academic degree(s); [4] name of department(s) and institution(s) to 
which the work should be attributed; [5] disclaimers, if any; [6] 
name and address of author responsible for correspondence about 
the manuscript; [7] name and address of author to whom requests 
for reprints should be addressed, or staternent that reprints will not 
be available from the author; [8] the source(s) of support in the 
form of grants, equipment, drugs, or all of these. 

Abstract and Key Words. The second page should carry an 
abstract of not more than 150 words. The abstract should state the 
purposes of the study or investigation, basic procedures (study 
subjects or experimental animals and observational and analytic 
methods}, main findings (give specific data and their statistical 
Significance, if possible), and the principal conclusions. Emphasize 
new and important aspects of the study or observations. Define all 
abbreviations except those approved by the International System 
of Units. 

Key (indexing) terms. Below the abstract, provide and identify as 
such, three to 10 key words or short phrases that will assist indexers 
in cross-indexing your article. 

Text. The text of observational and experimental articles is 
usually—but not necessarily—divided into sections with the head- 
ings Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their content, 
especially the Results and Discussion sections. Case reports and 
reviews do not require the above sections. 

Introduction. Clearly state the purpose of the article. Summarize 
the rationale for the study or observation. Give only strictly perti- 
nent references, and do not review the subject extensively. 

Methods, Describe your selection of the observational or exper- 
imental subjects (patients or experimental animals, including con- 
trols) clearly. Identify the methods, apparatus (manufacturer's 
name and address in parentheses), and procedures in sufficient 
detail to allow other workers to reproduce the results. Give refer- 
ences to established methods, including statistical methods; provide 
references and brief descriptions of methods that have been pub- 
lished but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate their 
limitations. 

Include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical analyses, 
mathematical derivations, and the like may sometimes be suitably 
presented in the form of one or more appendixes. 
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Results. Present your results in logical sequence in the text, 
tables, and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations: emphasize or summarize only important 
observations. 

Discussion, Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate the 
observations to other relevant studies. Link the conclusions with 
the goals of the study but avoid unqualified statements and conclu- 
sions not completely supported by your data. Avoid claiming 
priority and alluding to work that has not been completed. State 
new hypotheses when warranted, but clearly label them as such. 
Recommendations, when appropriate, may be included. 


References. Number references consecutively in the order in 
which they are first mentioned in the text. Identify references in 
text, tables, and legends by arabic numerals (in parentheses). 
References cited only in tables or in legends to figures should be 
numbered in accordance with a sequence established by the first 
identification in the text of the particular table or illustration. 

Use the form of references adopted by the U.S. National Library 
of Medicine and used in Index Medicus. Use the style of the 
examples cited at the end of this section, which have been approved 
by the National Library of Medicine. 

The titles of journals should be abbreviated according to the 
style used in Index Medicus. Consult the “List of Journals Indexed,” 
printed annually in the January issue of Index Medicus. 

The only acceptable references to journal articles or abstracts are 
those appearing in peer-reviewed journals. Abstracts in peer-re- 
viewed journals are acceptable only if less than 4 years old. List 
articles accepted for publication but not yet in print as “in press.” 
Three copies of “in press” references must accompany each article 
submitted for editorial review. Articles submitted but not yet 
accepted for publication must be cited in the text as “unpublished 
data” (in parentheses). 

References must be verified by the author(s) against the original 
documents. 

Examples of correct forms: 


fournal 


1. Standard fournal Article (List all authors when six or less; when seven or 
more, list only first three and add et al) 
Soter NA, Wasserman SI, Austen KF. Cold urticaria: release into the 
circulation of histamine and eosinophil chemotactic factor of anaphy- 
laxis during cold challenge. N Engl J Med 1976;294:687-90. 


2. Corporate Author 
The Committee on Enzymes of the Scandinavian Society for Clinical 
Chemistry and Clinical Physiology. Recommended method for the 
determination of gamma-glutamyltransferase in blood. Scand] Clin Lab 
Invest 1976;36:119-25. 
Anonymous. Epidemiology for primary health care. Int | Epidemiol 
1976;5:224-5. 


Books and Other Monographs 


3. Personal Authors) 
Osler AG. Complement: mechanisms and functions. Englewood Cliffs: 
Prentice-Hall, 1976. 


4. Corporate Author 


American Medical Association Department of Drugs. AMA drug eval- 
uations. 3rd ed. Littleton: Publishing Sciences Group, 1977. 


5. Editor, Compiler, Chairman as Author 


Rhedes AJ, Van Rooyen CE, comps. Textbook of virology: for students 
and practitioners of medicine and the other health sciences. Sth ed. 
Baltimore: Williams & Wilkins, 1968, 


6, Chapter in Book 
Weinstein L, Swartz MN. Pathogenic properties of invading microor- 
ganisms. In: Sodeman WA Jr, Sodeman WA, eds. Pathologic physiol- 
ogy: mechanisms of disease. Philadelphia: WB Saunders, 1974:457-72. 


7. Agency Publication 
National Center for Health Statistics. Acute conditions: incidence and 
associated disability, United States July 1968-June 1969. Rockville, Md.: 
National Center for Health Statistics, 1972. (Vital and health statistics. 
Series 10: Data from the National Health Survey, no. 69) (DHEW 
publication no. (HS5M)72- 1036). 


Tables. Type each table on a separate sheet; remember to double 
space. Do not submit tables as photographs. Number tables con- 
secutively and supply a brief title for each. Give each column a 
short or abbreviated heading. Place explanatory matter in footnotes, 
not in the heading. Explain in footnotes all nonstandard abbrevia- 
tions that are used in each table. For footnotes, use the following 
symbols in this sequence: *, T, $. § |, | #, **, TT... . Identify 
statistical measures of variation such as SD and SEM. 

Omit internal horizontal and vertical rules. 

Cite each table in the text in consecutive order. 

If you use data from another published or unpublished source, 
obtain permission and acknowledge fully. 

The editor on accepting a manuscript may recommend that 
additional tables containing important backup data too extensive 
to be published may be deposited with the National Auxiliary 
Publications Service or made available by the author(s). In that 
event, an appropriate statement will be added to the text. Submit 
such tables for consideration with the manuscript. 


Illustrations. Submit three complete sets of figures. Figures 
should be professionally drawn and photographed; freehand or 
typewritten lettering is unacceptable. Instead of original drawings, 
roentgenograms, and other material, send sharp, glossy black-and- 
white photographic prints, usually 12.7 by 17.3 cm (5 by 7 in) but 
no larger than 20.3 by 25.4 cm (8 by 10 in). Letters, numbers, and 
symbols should be clear and even throughout, and of sufficient size 
that when reduced for publication each item will still be legible. 
Titles and detailed explanations belong in the legends for illustra- 
tions, not on the illustrations themselves. 

Each figure should have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of the 
figure. Do not write on the back of the figures or mount them on 
cardboard, or scratch or mar them using paper clips. Do not bend 
figures. 

Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with background. 

If photographs of persons are used, either the subjects must not 
be identifiable or their pictures must be accompanied by written 
permission to use the photograph. 

Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source and submit writ- 
ten permission from the copyright holder to reproduce the material. 
Permission is required, regardless of authorship or publisher, ex- 
cept for documents in the public domain. 

For illustrations in color, supply color negatives or positive 
transparencies and, when necessary, accompanying drawings 
marked to indicate the region to be reproduced; in addition, send 
two positive color prints to assist editors in making recommenda- 
tions. Some journals publish illustrations in color only if the au- 


thor pays for the extra cost. 


Legends for Illustrations. Type legends for illustrations double 
spaced, starting on a separate page with arabic numerals corre- 
sponding to the illustrations. When symbols, arrows, numbers, or 
letters are used to identify parts of the illustrations, identify and 
explain each one clearly in the legend. Explain internal scale and 
identify method of staining in photomicrographs. 


Abbreviations. Define all abbreviations except those approved 
by the International System of Units for amount of substance, 
mass, length, time, temperature, electric current, and luminous 
intensity. Do not synthesize new or unusual abbreviations. When 
many abbreviations are used, include all in a box of definitions at 
the start of the article. 


International 
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Publisher of ANESTHESIA and ANALGESIA 


3645 Warrensville Center Road, Cleveland, Ohio 44122, U.S.A. 


LA.R.S. EDUCATIONAL MEMBERSHIP 


SPONSORING ORGANIZATION: The International Anesthesia Research Society is a non-profit, scientific and 
educational corporation of the State of Ohio. It serves the Specialty in two ways: (1) By publication of a monthly 
journal entitled ‘Anesthesia and Analgesia”; and (2) By sponsorship of an annual scientific (“Congress”) meeting 
in March of each year. The |.A.R.S. is independent of, and has no affiliation or membership-exchange arrangement 
with any other anesthesia society or association: 


PURPOSE OF EDUCATIONAL MEMBERSHIP: To financially assist students in anesthesiology or anesthesia- 
related training programs by making available to them, during the effective term of their Educational Membership: 


(1) A one-half price subscription to ‘‘Anesthesia and Analgesia’ and 
(2) Complimentary registration at the annual scientific meeting. 


WHO IS ELIGIBLE FOR EDUCATIONAL MEMBERSHIP: 


| Residents and Fellows (Interns) enrolled in training programs in the medical, osteopathic or dental 
professions; 


il Nurses with a diploma or degree in nursing who are enrolled in nurse anesthesia schools; 


lll Students enrolled in programs leading to certification as Physician Assistants in Anesthesia / Anesthesiologist 
Assistants/Physician Associates in Anesthesiology; and 


Students enrolled In programs leading to certification as Respiratory Therapists or Technicians. 


MEMBERSHIP TERMS AND COSTS: There are two membership periods available. The applicable member- 
ship dues must be paid in full with the application (i.e., annual payments of $15 will not be accepted.) 


Two-Year Term—$35.00: Individuals applying for this period should have at least 18 months remaining in 
their training program at the time of application: 


Three-Year Term—-$52.00: Individuals applying for this period should have at least 30 months remaining in 
their training program at the time of application. 


Note: The Educational Membership term should not extend more than six months following the ending of the 
training program covered. To that end, 1.A.R.S. may, at its option, enter memberships retroactively to 
conform. In such instances, back issues of the Journal will be sent so that all 2-year memberships include 
24 Journals, and all 3-year memberships include 36 Journals. 


CANCELLATION OF MEMBERSHIP: Educational Membership can be cancelled upon written request to the 
IARS, and return of membership card, if the member is no longer enrolled in the training program. Pro-rated 
refunds will be made at the discretion of the 1.A.R.S. 


CONTINUATION OF MEMBERSHIP: After completion of the Educational Membership period, and upon pay- 
ment of membership dues then in effect, individuals in Category | will be automatically continued as Members; 
and individuals in Categories li and Ill will be automatically continued as Associate Members of the I.A.R.S. 


APPLICATION FORMS: The official application form (or facsimile thereof) must be used In applying for this 
membership, and payment must be submitted with the application. Application forms are available from the 
Cleveland business office, address above. 
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NORTH AMERICAN DRAGER 


1488 QUARRY ROAD 
TELFORD, PA 18969 


| OTHER FEATURES 





-O 30 second silencing circuit 

O Automatic Battery Depletion Warning 
© Transducer Diagnostic Monitor Circuit i 
O Automatic Reserve Battery Switchover O Please have representative call 


| 
| 
| 
| 
: O Please send DPM-S literature 
| 
O Universal Mounting Capabilities | O Please include N.A.D. catalog 
| 
| 
| 
| 
| 
| 
| 





"these are the only hazardous conditions recognized by most common disconnect alarms 
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The Boyle Anesthesia Series. 
Only from Fraser Harlake. 


Every Boyle machine is made 
carefully and accurately in 


America by individual craftsmen. 


Each Boyle machine incor- 
porates design features sug- 
gested by the profession and 
the 2-79 standards. 

Standard features and com- 
ponents of the Boyle Series 
include stainless steel con- 
struction throughout; D.1.S.S. 
connections for hospital pipe- 
line inlet connectors with pres- 
sure gauges; separate pressure 
regulators for each yoke, and 
D.1.S.S. power takeoff for 
ventilator operation. 

Other standard features 
include an adjustable absorber 
pole; piping for Sohygmomano- 
meter and cuff inflation; foot- 








rest, and a built-in oxygen 
failure shutoff system. 

Unique components like our 
MDMé® (Monitored Dial Mixer™) 
precisely control flow without 
affecting concentration and 
control concentration without 
affecting total flow. The MDM 
employs an “In Ratio” failsafe 
which protects your patient 
should the oxygen supply be 
exhausted. The MDM also pro- 
vides a minimum of 30% oxygen 
flow concentration. 

Options for various models 
include both standard and 
Selectatec IlI™ mounting system 
for vaporizers; standard or 
keyed fill Tec™ vaporizers, and 
gas scavenging systems. An 
audible alarm oxygen pressure 


W 
FRASER 
Hatake 


failure system is available on 
the Boyle 50 and Model 501. 

Finally, there is one ingre- 
dient whose importance rises 
above all others as the central 
core of each and every system: 
You, the anesthesiologist. 
Because only when we know 
your needs will we build youa 
Boyle. We build them individu- 
ally for you, one ata time. 

For more information on the 
Boyle Series, call your Fraser 
Harlake representative or con- 
tact us directly. 


The Boyle Series. 


A professionals 
mark of excellence. 


Fraser /Harlake inc., 145 Mid County Drive, Orchard Park, New York 14127, (716)662-6650 
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Over 500 million administrations throughout the world. 
























vM Well over 125 million administrations in the 
United States alone. 


3 smewliere| in the world—every two seconds—-someone makes another decision 
to ise PLUOTHANE® (halothane, U.S.P.). And for good reasons: 


-oFLUOTHANE has been more widely investigated than any other 
inhalation anesthetic. 











o The FLUOTHANE experience shows association with hepatotoxicity 
to be extremely rare’ According to conclusions drawn from the 
United States National Halothane Study and other studies,* unex- 
plained jaundice following anesthesia with halothane “...was a rare 
occurrence (approximately 1:30,000 administrations) and.. . the over- 

~ all safety record of the anesthetic was excellent. ”? 











4 FLUOTHANE “...is nearest to the ideal [inhalation anesthetic] pres- — 
ently available for children of all ages.” | 





 OFLUOTHANE has been recommended ¢ as the’ ‘anesthetic of choice“ | 


for asthmatics. 


: 2 oAnd, of particular benefit in geriatrics and a Sa surgery: o 
- Excessive respiratory depression is rarely a problem with A Ee 
ELUOTHANE. Nor does it produce an increase 2in salivary or ore o 
-bronchial secretions. | a s a aa a ese Lule 



















renan ve telrospective analysis covering 856,000 general cnesthesias-~ nearly or ne third 
g FLUOTHANE. Bunker, LP, erol.: The National Ha lothene Study. Washington, D.C., : 
eign Printing Office. 1969. 
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4P zegdings, Virginia Society of Anesihesiclogists, 
April 20-22, 1979, Richmond, VA. 
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the most widely used inhalation 
anesthetic in the world 





(halothane, U.S.P) 


tor a wide variety of 
techniques and procedures in patients of all ages 


(Complete text of package circular) 
Description. FLUOTHANE, brand of halothane. 
U.S.P., is an inhalation anesthetic. it is 2- 
bromo-2-chloro-1, 1, 1-trifluoroethane and has 
the following structural formula: 








F Br 
N 
F C —— cC Ci 
Z 
F H 


The specific gravity is 1.872-1.877 at 20°C, 
and the boiling point (range) is 49°C — 51°C at 
760 mm Hg. The vapor pressure is 243 mm Hg 
at 20°C. The blood/gas coefficient is 2.5 at 
37°C, and the olive oil/water coefficient is 220 
at 37°C. Vapor concentrations within anesthetic 
range are nonirritating and have a pleasant 
odor. FLUOTHANE is nonflammable, and its 
vapors mixed with oxygen in proportions from 
0.5 to 50 per cent (v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When moisture 
is present, the vapor attacks aluminum, 
brass, and lead, but not copper Rubber, same 
plastics, and similar materials are soluble in 
FLUOTHANE: such materials will deteriorate 
rapidly in contact with FLUOTHANE vapor or 
liquid. Stability of FLUOTHANE is maintained 
by the addition of 0.01 per cent thymo! (w/w), 
up to 0.00025% ammonia (w/w), and storage 
iS IN amber colored bottles. 

FLUOTHANE should not be kept indefinitely 
in vaporizer bottles not specifically designed for 
its use. Thymol does not volatilize along with 
FLUOTHANE, and therefore accumulates in 
the vaporizer, and may, in time, impart a yellow 
color to the remaining liquid or to wicks in 
vapornizers. The development of such discolora- 
tion may be used as an indicator that the vapor- 
izer Should be drained and cleaned, and the 
discolored FLUOTHANE (halothane, U.S.P) 
discarded. Accumulation of thymol may be 
removed by washing with diethyl ether. After 
Cleaning a wick or vaporizer, make certain ali 
diethyl ether has been removed before reusing 
the equipment to avoid introducing ether into 
the system, 

Actions. FLUOTHANE is an inhalation anes- 
thetic. Induction and recovery are rapid 

and depth of anesthesia can be rapidly al- 
tered. FLUOTHANE progressively depresses 
respiration. There may be tachypnea with 
reduced tidal volume and alveolar ventilation, 


FLUOTHANE is not an irritant to the respiratory 
tract, and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal and 
laryngeal reflexes are rapidly obtunded., It 
causes bronchodilation. Hypoxia, acidosis, or 
apnea may develop during deep anesthesia. 

FLUOTHANE reduces the blood pressure, 
and frequently decreases the pulse rate. The 
greater the concentration of the drug, the more 
evident these changes become. Atropine may 
reverse the bradycardia. FLUOTHANE does not 
cause the release of catecholamines from adre- 
nergic stores. FLUOTHANE also causes dilation 
of the vessels of the skin and skeletal muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include nodal 
rhythm, AV dissociation, ventricular extrasys- 
toles and asystole. FLUOTHANE sensitizes the 
myocardial conduction system to the action of 
epinephrine and norepinephrine, and the com- 
bination may cause serious cardiac arrhyth- 
mias. FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces moder- 
ate muscular relaxation. Muscle relaxants are 
used as adjuncts in order to maintain lighter 
levels of anesthesia. FLUOTHANE augments 
the action of nondepolarizing relaxants and 
ganglionic blocking agents. FLUOTHANE is a 
potent uterine relaxant. 
indications. FLUOTHANE (halothane, US.P) is 
indicated for the induction and maintenance of 
general anesthesia, 

Contraindications. FLUOTHANE is not recom- 
mended for obstetrical anesthesia except when 
uterine relaxation is required. 

Warnings. When previous expasure to 
FLUOTHANE was followed by unexplained 
jaundice, consideration should be given to the 
use of other agents. 

FLUOTHANE should be used in vaporizers 
that permit a reasonable approximation of out- 
put, and preferably of the calibrated type. The 
vaporizer should be placed out of circuit in 
closed circuit rebreathing systems; otherwise 
overdosage is difficult to avoid. The patient 
should be closely observed for signs of overcdos- 
age, Le., depression of blood pressure, pulse 
rate, and ventilation, particularly during 
assisted or controlled ventilation. 

Usage in Pregnancy. Sate use of 
FLUOQTHANE has not been established with 
respect to possible adverse effects upon fetal 
development. Therefore, FLUOTHANE shouid 
not be used in women where pregnancy is 


-0.00025% ammonia (w/w). 
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possible and particularly during early pregnancy, 
unless, in the judgment of the physician, the 
potential benefits outweigh the unknown haz- 
ards to the fetus, 

Precautions. The uterine relaxation obtained 
with FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives and oxy- 
tocic posterior pituitary extract, 

FLUOTHANE increases cerebrospinal fluid 
pressure. Therefore, in patients with markedly 
raised intracranial pressure, if FLUOTHANE is 
indicated, administration should be preceded 
by measures ordinarily used to reduce cerebro- 
spinal fluid pressure. Ventilation should be 
carefully assessed, and it may be necessary to 
assist or control ventilation to insure adequate 
oxygenation and carbon dioxide removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane, U.S.P) anesthesia 
since their simultaneous use may induce ven- 
tricular tachycardia or fibrillation. 

Nondepolarizing relaxants and ganglionic 
blocking agents should be administered cau- 
tiously, since their actions are augmented by 
FLUOTHANE. 

it has been reported that in genetically 
susceptible individuals, the use of genera! 
anesthetics and the muscle relaxant, succinyl- 
choline, may trigger a syndrome known as 
malignant hyperthermic crisis. Monitoring tem- 
perature during surgery will aid in early recogni- 
tion of this syndrome. Dantrolene sodium and 
supportive measures are generally indicated in 
the management of malignant hyperthermia. 
Adverse Reactions. The following adverse reac- 
tions have been reported: mild, moderate and 
severe hepatic dysfunction (including hepatic 
necrosis), cardiac arrest, hypotension, respira- 
tory arrest, cardiac arrhythmias, hyperpyrexia, 
Shivering, nausea, and emesis. 

Dosage and Administration. FLUOTHANE may 
be administered by the nonrebreathing technic, 
partial rebreathing, or closed technic. The 
induction dose varies from patient to patient, 
The maintenance dose varies from 0.5 per cent 
to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide. 

How Supplied. No. 3125--Unit packages of 
125 ml and 250 ml of halothane, U.S.P, stabi- 
ized with 0.01% thymol (w/w), and up to 
7197/R82 
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Super 

Safety Clear 
RUSCH’ Features 
Clear Tracheal Tubes 
with Nasoral Tip 


Nasoral tip with 
inserted catheter 


The newly developed, gently cupped 
nasoral tip allows for better patient 
care intubation, oral and nasal. 

it prevents accumulation of mucus 
and damage to the tracheal wall. 
During patient ventilation, turbulence 
is reduced. 

The imbedded radiopaque indicator 
is continuous from proximal 

to distal tip, facilitating accurate 
placement of the tube. 


The inner lumen configuration, 
at the tip, allows to easily pass 
a suction catheter. 

The clear, see through material 
composition, enables visualized 
detection of misting, 

aiding ventilation monitoring. 
The cuff is dependably sealed 
with a one-way valve, which 
accepts a Luer Lok as well as 
a Luer Slip syringe. 


RUSCH . 


53 West 23rd Street 

New York, N.Y. 10010 

Phone (212) 675-5556 

2000 Ellesmere Rd. Scarborough, 
Ontario M1H2W4 (416) 438-6317 
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“the control you need. 


















Post-op 
Offering I.M. or IV. dosage options, Injectable - 

_.~. Valium (diazepam/Roche) can be espe- 

- cially useful in patients:who cannot take 
medication by mouth during the post- 
operative period: Its pronounced.calming 
action relieves the excessive anxiety that can 
not only complicate the recovery process, but 

; often intensifies pain perception. Used adjunc- 
x ___ tively, Injectable Valium also helps to relieve 
| painful skeletal muscle spasm, frequently - 
seen in the postsurgical patient. 


‘Injectable _. 
Valium 1M./TV 


diazepam/Roche © 






Injectable Valium: (diazepam/ Roche) © 
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versatile... and predictable 





Ready-to-use 2-ml Tel-E-Ject* | 


2-mi ampuls, 10-ml vials 


e prompt control of anxiety/apprehension 


e anterograde amnesia of brief duration 


¢ effective adjunctive skeletal muscle relaxant 


e useful in outpatients as well as inpatients 


Please consult complete product information, a summary of which 
follows: 
indications: Management of anxiety disorders, or short-term rene of symp- 
toms of anxiety. Anxiety or tension associated with the stress of everyday 
life usualy does not require treatment with an anxiolytic. Symptomatic relief 
of acute agitation, tremor, impending or acute delirium tremens and halluci- 
nosis due to acute alcoho: withdrawal, adjunctively in. relief of skeleta! mus- 
cle spasm due to reflex spasm to local pathology, spasticity caused by 
upper motor neuron disorders, athetosis, stiff-man syndrome; tetanus, sta- 
tus epilepticus, severe recurrent seizures; adjunctively in anxiety, tension 
or acute stress reactions prior to endoscopic/surgical procedures: 
cardioversion 
Contraindications: Hypersensitivity, acute narrow angle glaucoma, may 
be used in paitents with open angie glaucoma receiving appropnate 
therapy. 
Warnings: Jo reduce the possibility of venous thrombosis, phlebitis, local 
irritation, swelling, and, rarely, vascular impairment when used IV: inject 
Slowly, taking at feast one minute for each 5 mg (1 mi) given. do not use 
small veins, 1e., dorsum of hand or wrist; use extreme care to avaid intra- 
arterial administration or extravasation. Do not mix or dilute Valium (diaze- 
pam/Rache) with other solutions or drugs in syringe or infusion flask. Hit 
iS nat feasibie to administer Valium directly LV., it may be injected siowly 
through the infusion tubing as close as possible to the vein insertion. 
Administer with extreme care to elderly, very ill, those with limited pulmo- 
nary reserve because of possibility of apnea and/or cardiac arrest, con- 
comitant use of barbiturates, alcoho! or other CNS depressants increases 
depression with increased risk of apnea; have resuscitative faciities avail- 
abie. When used with narcotic analgesic, eliminate or reduce narcotic dos- 
age at least ‘4. administer in small increments. Should not be administered 
to patients in shock, coma. acute alcoholic intoxication with depression of 
vital signs. As with most CNS-acting drugs, caution against hazardous 
occupations requiring complete mental alertness (e.g., operating machin- 
ery, driving) 
Has precipitated tonic status epilepticus in patients treated for petit mal 
Status or petit mal variant Status. 
Withdrawal symptoms similar to those with barbiturates and alcoho! have 
been observed with abrupt discontinuation after long use of excessive 
doses. infrequently, milder withdrawal symptoms have been reported fol- 
lowing abrupt discontinuation of benzodiazepines after long, continuous 
use at high therapeutic levels. After extended therapy, gradually taper 
dosage. 
Usage in Pregnancy: Use of minor tranquilizers during first 
trimester should almost always be avoided because of increased 
risk of congenital malformations, as suggested in several studies. 
Consider possibility of pregnancy when instituting therapy; advise 
patients to discuss therapy if they intend to or do become 
pregnant. 
Not recommended for OB use. 
Etficacy/safety not established in neonates (age 30 days or less}. pro- 
longed CNS depression observed. In children, give slowly (up to 0.25 mg’ 
kg over 3 minutes) to avoid apnea or prolonged somnolence, can be 
repeated after 15 to 30 minutes. If no relief after third administration. appro- 
priate adjunctive therapy is recommended. 
Precautions: Although promptly controlled. seizures may return, readmin- 
ister if necessary, not recommended for long-term maintenance therapy. 
if combined with other psychotropics or anticonvulsants, carefully consider 
individual pharmacologic effects —-particulany with known compounds 
which may potentiate action of Valium (diazeparn/Roche}, Le.. phenothia- 
zines, narcotics, barbiturates, MAO inhibitors, antidepressants. Protective 
measures indicated in highly anxious patients with accompanying depres- 
sion who may have suicidal tendencies. Observe usual precautions in 
impaired hepatic function, avoid accumulation in patients with compro- 
mised kidney function Laryngospasm/increased cough reflex are possible 
during peroral endoscopic procedures; use topical anesthetic, have neces- 
sary Countermeasures available. Hypotension or muscular weakness possi- 
bie, particularly when used with narcotics, barbiturates or alcohol. Use 
tower doses (2 to 5 mg) for elderly/debilitated. 
The clearance of Valium and certain other benzodiazepines can be delayed 
in association with Tagamet (cimetidine) administration. The clinical signifi- 
cance of this is unclear. 











bts at injection site. confusion, depression, dysarthria, headache, hypoac- 
hvity, Slurred Speech. syncope, tremor, vertigo. constipation, nausea, incon- 
fnence, changes in libido, urinary retention. bradycardia, cardiovascuiar 
collapse, hypotension, dlurred vision, diplopia, nystagmus. urticana, skin 
rash, hiccups, changes in salivation, neutropenia, jaundice Paradoxical 
reactions such as acute hyperexcited states, anxiety, hallucinations, 
increased muscle spasticity, insomnia, rage, sleep disturbances. stimula- 
ton have been reported: should these occur. discontinue drug. Cough, 
depressed respiration, dyspnea, hyperventilation, laryngospasm/pain in 
throat and chest have been reported in peroral end goscopic procedures 
isolated reports of neutropenia, jaundice, penodic blood counts. liver func- 
tion tests advisable during long-term therapy Minor EEG changes. usually 
low-voltage fast activity, of no known significance 
Dosage: Usual initial dose in cider children and adults is 2 to 20 ma IM. or 
LV. depending on indication and severity Larger doses may be required in 
some conditions (tetanus). In acute conditions injection may be repeated 
within 1 hour, although interval of 3 to 4 hours is usually sat sfactory. Lower 
doses {usually 2 to 5 mg) with slow dosage increase for elderly or debili- 
tated patients and when sedative drugs are added. (See Warnings and 
Adverse Reactions } 
For dosages in infants and children see below, have resuscitative faciities 
avaiabie 
LM. use: by deep injection into the muscie. 
iV use: inject Slowly, take at least one minute for each 5 mg (1 mi) given. 
as not use small veins, Le. dorsum of hand or wrist. Use extreme care to 
void intra-artenal administration or extravasation. Do not mix or dilute 
Vales (diazepam/Roche} with other solutions or drugs in Syringe oF infu 
sign fask. fitis not feasible to administer Valium directly LM. t may be 
imected Slowly through the infusion tubing as Ciose as possib! e to the vein 
mserlion, 
Moderate anxiety disorders and symptoms of anxiety, 2 to 5 mg LM. or iV 
and severe anxiety disorders and symptoms of anxiety, 5 to 10 mg LM. or 
iV. repeat in 3 to 4 hours if necessary; acute alcoholic withdrawal. 10 mg 
LM or LV initially, then 5 to 10 mg in 3 to 4 hours i necessary. Muscle 
spasm, in adults, 5 to 10 mg LM. or LV initially, then 5 to 10 mg in 3 to4 
hours it necessary (tetanus may require larger doses): in children. admuns- 
fer iV slowly. for tetanus in infants over 30 days of age. 1 to2mgqiM or 
iV. repeal every 3 to 4 hours if necessary: in children 5 years or older 5 to 
10 mg repeated every 3 to 4 hours as needed. Respiratory assistance 
should be available. 
Status epilepticus. severe recurrent convulsive seizures (LV route pre- 
ferred), 5 to 10 mg adult dose administered slowly, repeat at 10- to 15- 
minute intervals up to 30 mg maximum. Repeat in 2 .o 4 hours if necessary 
keeping in mind possibility of residual active metabolites. Use caution in 
presence of chronic lung disease or unstable cardiovascular status infants 
(over 30 days) and children (under 5 years), 0.2 to 0.5 mg slowly every 2 fo 
5min. up to mg (iV preferred) Children 5 years plus. 1 mg every 2 to5 
min. up to 10 mg (slow | V preferred): repeat in 2 to 4 hours if needed. 
EEG monitoring may be heipful. 
in endoscopic procedures, ttrate LV. dosage to desired sedative response, 
generally 10 mg or less but up to 20 mg (if narcotics are omitted) immedi- 
ately prior to procedure. if LV cannot be used, 5 to 10 mg LM. approxi- 
mately 30 minutes prior to procedure. As preoperative medication, 10 mg 
LM. in cardioversion, 5 to 15 mg LV. within 5 to 10 minutes prior to proce- 
gure. Once acute symptomatology has been properly controlled with 
injectable form, patient may be placed on oral form if further treatment is 
required. 
Management of Overdosage: Manifestations include somnolence. confu- 
sion. cama, diminished reflexes. Monitor respiration, pulse, blood pressure: 
employ general supportive measures, | V fluids, adequate airway. Hypoten- 
sion may be combated by the use of levarterenoi or metaraminoi. Dialysis 
is of limited value. 
Supplied: Ampuils, 2 mi, boxes of 10; Vials, 10 mi, boxes of 1, Tel-E-Ject ® 
(disposable syringes}. 2 mi. boxes of 10. Each mi contains 5 mg diazepam 
compounded with 40% propylene glycol, 10% ethyi alcohol, 5% sodium 
benzoate and benzoic acid as bulfers, and 1.5% benzy! alcoho: as 
preservative. 





Roche Laboratories 
ROCHE Division of Hoffmann- La Roche Inc. 





disposable syges a mg/ml 


Only one 


“premedicant does 
somany things 
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= Provides prompt 
tranquilization 


m Inhibits emesis during 
and after surgery 


= Contributes to 
cardiovascular stability 


+ Unique among premedicants, 
INAPSINE’ (droperidol) provides 
vasodilation and mild alpha-adrenergic 
blocking effects which can help protect 
against undue hypertensive reactions and 
changes in heart rate. 
Troublesome hypotension is unlikely in the 
absence of hypovolemia. Has little or no 
adverse effect on the heart or circulation. 


= Reduces the need for 
postoperative narcotics 


A premedicant that does more 
than premedicate 
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Janssen Pharmaceutica Inc, 501 George St., New Brunswick, N.J. 08903 






A PROFILE OF CHARACTERISTICS 
UNMATCHED BY ANY OTHER SINGLE AGENT 
Inapsine* 


(droperidol) 
injection 















Diazepam |Lorazepam Hydroxy- 
Injection Injection ZINC 
i Injection 








Class of 
tranquilizer 














Elimination 
half-life 








Antiemetic 
activity 





Alpha-adrenergic 
blockade 


May be used both 
IM and IV 



















Less pain on 
Injection 





Same syringe 
compatibility 
with atropine, 
scopolamine 


Please see brief summary of Prescribing Information on next page. 


©) Janssen Pharmaceutica Ine. 1982 JPI-25¢ 


Inapsine 


(droperidol) Injection 


tee 


Inapsine® (droperido Injection R 


Before prescribing please consult complete prescribing information, of 
which the following is a brief summary. 


DESCRIPTION: 
2 mi. and 5 ml. ampoules 
Each ml. contains: 
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10 mi. vials 
Each mlb. contains: 
ETOP CHO fciatucn a oe nwa. eed: Reg Wate a A vale wee hid 2.5 mg. 
With 1.8 mg. methylparaben and 0.2 mg. propylparaben, and lactic acid for 


Protect from light. Store at room temperature. 
FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 
Droperidol is a neuroleptic (tranquilizer) agent, 


INDICATIONS: INAPSINE (droperidol) is indicated: 

to produce tranquilization and to reduce the incidence of nausea and 
vomiting in surgical and diagnostic procedures: 

for premedication, induction, and as an adjunct in the maintenance of 
general and regional anesthesia: 

in neuroleptanalgesia in which INAPSINE (droperidol) is given concur- 
rently with a narcotic analgesic, such as SUBLIMAZE™ (fentanyl) injection, 
to aid in producing tranquility and decreasing anxiety and pain. 


CONTRAINDICATIONS: INAPSINE (droperidol) is contraindicated in 
patients with known intolerance to the drug. 


WARNINGS: FLUIDS AND OTHER COUNTERMEASURES TO 
MANAGE HYPOTENSION SHOULD BE READILY AVAILABLE. As 
with other CNS depressant drugs, patients who have received INAPSINE 
(droperidol) should have appropriate surveillance. 

If INAPSINE (droperidol) is administered with a narcotic analgesic such as 
SUBLIMAZE (fentany!), the user should familiarize himself with the special 
properties of each drug, particularly the widely differing durations of action. 
In addition, when such a combination is used, resuscitative equipment and a 
narcotic antagonist should be readily available to Manage apnea. See 
package insert for fentanyl before using. Narcotic analgesics such as 
SUBLIMAZE (fentanyl) may cause muscle rigidity, particularly involving 
the muscles of respiration. This effect is related to the speed of injection, Its 
incidence can be reduced by the use of slow intravenous injection. Once this 
effect occurs, it is managed by the use of assisted or controlled respiration 
and, if necessary, by a neuromuscular blocking agent compatible with the 
patients condition. 

The respiratory depressant effect of narcotics persists longer than their 
measured analgesic effect. When used with INAPSINE (droperidol), the 
total dose of all narcotic analgesics administered should be considered by 
the practitioner before ordering narcotic analgesics during recovery from 
anesthesia. His recommended that narcotics, when required, be used 
initially in reduced doses as low as ta to i those usually recommended. 


PRECAUTIONS: The initial dose of INAPSINE (droperidol) should be 
appropriately reduced in elderly, debilitated and other poor-risk patients. 
The effect of the initial dose should be considered in determining incremen- 
tal doses. Certain forms of conduction anesthesia, such as spinal anesthesia 
and some peridural anesthetics, can cause peripheral vasodilatation and 
hypotension because of sympathetic blockade. Through other mechanisms 
INAPSINE (droperidol) can also alter circulation, Therefore, when INAP 
SINE (droperidol) is used to supplement these forms of anesthesia. the 
anesthetist should be familiar with the physiological alterations involved. 
and be prepared to manage them in the patients selected for this form of 
anesthesia. 

IF hypotension occurs, the possibility of hypovolemia should be considered 
and managed with appropriate parenteral fuid therapy. Repositioning the 
patient to improve venous return to the heart should also be considered when 
operative conditions permit. H should be noted that in spinal and peridural 
anesthesia, tilting the patient into a head down position may result in a 
higher level of anesthesia than is desirable, as well as impair venous return to 
the heart. Care should be exercised in moving and positioning of patients 
because of the possibility of orthostatic hypotension. If volume expansion 
with fluids plus other countermeasures do not correct the hypotension, then 
the administration of pressor agents other than epinephrine should he 
considered. Epinephrine may paradoxically decrease the blood pressure in 
patients treated with INAPSINE (droperidol) due to the alpha-adrenergic¢ 
blocking action of droperidol. 

Since INAPSINE (droperidol) may decrease pulmonary arterial pressure, 
this fact should be considered by those who conduct diagnostic or surgical 
procedures where interpretation of pulmonary arterial pressure measure- 
ments might determine final management of the patient. Vital signs should 
be monitored routinely. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and 
general anesthetics) have additive or potentiating effects with INAPSINE 
(droperidol). When patients have received such drugs. the dose of INA P- 
SINE (droperidol) required will be fess than usual. Likewise, following the 
administration of INAPSINE (droperidol), the dose of other CNS depres- 
sant drugs should be reduced. 


INAPSINE (droperidol) should be administered with caution to patients 
with liver and kidney dysfunction because of the importance of these organs 
in the metabolism and excretion of drugs. 

When the EEG ts used for postoperative monitoring, it may be found that the 
EEG pattern returns to normal slowly, 

Since INAPSINE (droperidol) is frequently used with the narcotic analgesic 
SUBLIMAZE (fentanyl), it should be noted that fentanyl may produce 
bradycardia, which may be treated with atropine: however, fentanyl should 
be used with caution in patients with cardiac bradyarrhythmias* 


ADVERSE REACTIONS: The most common adverse reactions reported to 
occur with INAPSINE (droperidol) are mild to moderate hypotension and 
occasionally tachycardia, but these effects usually subside without treat- 
ment. If hypotension occurs and is severe or persists, the possibility of 
hypovolemia should be considered and Managed with appropriate paren- 
teral fluid therapy. Postoperative drowsiness is also frequently reported. 
Extrapyramidal symptoms (dystonia, akathisia, and oculogyric crisis) have 
been observed following administration of INAPSINE (droperidol). Rest- 
lessness, hyperactivity, and anxiety which can be either the result of 
inadequate dosage of INAPSINE (droperidol) or a part of the symptom 
complex of akathisia may occur. When extrapyramidal symptoms occur, they 
can usually be controlled with anti-parkinson agents, 

Other adverse reactions that have been reported are dizziness. chills and/or 
shivering, laryngospasm, bronchospasm and postoperative hallucinatory 
episodes (sometimes associated with transient periods of mental depres- 
SiON), 

When INAPSINE (droperidol) is used with a narcotic analgesic such as 
SUBLIMAZE (fentanyl). respiratory depression, apnea, and muscular 
rigidity can occur: if these remain untreated respiratory arrest could occur, 
Elevated blood pressure, with or without preexisting hypertension. has been 
reported following administration of INAPSINE (droperidol) combined 
with SUBLIMAZE (entanyl or other parenteral analgesics. This might be 
due to unexplained alterations in sympathetic activity following large doses: 
however, itis also frequently attributed to anesthetic or surgical sumulation 
during light anesthesia, 


DOSAGE AND ADMINISTRATION: Dosage should be individualized. 

Some of the factors to be considered in determining the dase are age. body 

weight, physical status. underlying pathological condition. use of ether 

drugs. type of anesthesia to be used. and the surgical procedure involved. 

Vital signs should be monitored routinely. 

Usual Adult Dosage 

I. Premedication--(to be appropriately modified in the elderly, debilitated, 
and those who have received other depressant drugs) 2.5 to 10 mg.(lto4 
ml.) may be administered intramuscularly 30 to 60 minutes preopera- 
tively. 

IL Adjunct to General Anesthesia 


(droperidol), the calculation of the recommended dose of INAPSINE 
(droperidol) should include the droperidol contained in the INNOVAR 
injection. See INNOVAR injection Package Insert for full prescribing 
information. 

Hi, Use Without A General Anesthetic In Diagnostic Procedures Admin- 
ister the usual LM. premedication 2.5 to 10 mg. (1 to 4 ml} 30 to 6b 
minutes before the procedure. Additional 1.25 to 2.8 mg. (0.8 tol mb) 
amounts of PNAPSINE (droperidol) may be administered. usually 
intravenously (see warning regarding use with concomitant muarcotic 
analgesic medication and the possibility of widely differing durations of 
acon), 


IV. Adjunct to Regional Anesthesia—2.5 to 5 mg. (I to 2 mij may be 


HOW SUPPLIED: 2 ml. and 5 ml. ampoules-packages of 10: 10 ml. 
multiple-dose vials— packages of 10. 

US. Patent No. 3,161,645 

NDC 50458-010-02: NDC $0458-010-05: NDC $0458-010-10 

March 1980, Revised June 1980 

“See full prescribing information for complete deseription. 
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ii WE CAN HELP YOU WITH YOUR 
BOARD EXAMINATIONS 


Basic and Clinical Sciences 
in Anesthesiology 


Sth Edition 1980 


by ARTHUR B. TARROW, MD, JEFFERSON MEDICAL COLLEGE 
and JAMES C. ERICKSON, MD, NORTHWESTERN U. MEDICAL COLLEGE 


This valuable study and review guide reflects the changing approach in both the writ- 
ten and oral examinations of the national examining bodies in Anesthesio ogy. 
The clinical chapters are entitled `‘ Anesthetic Techniques’ and ‘Case Presentations 
and Morbidity and Mortality Reviews. ` 
Also included in this edition is a bibliography containing 546 titles, and an extensive 
26 page index. 
x Available from medical bookstores or from the 


Lydette Publishing Company 
sexosvowoss BOX 654, Cedar Falls, lowa 50613 LE 79-9039? 


wameenea anna aeaee 


LA.R.S. REVIEW COURSE LECTURES AVAILABLE 
1980-1981-1982 


aeaaaee 


r ( ) 1980—(54th Congress)—16 Review Course Lectures—plus 
h Abstracts of 62 scientific papers given at that meeting—$5.00 


To: International Anesthesia Research Society 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Please send Lecture Booklets checked above, at $5.00 per copy. 


My check, payable to I.A.R.S. in the amount of $ is enclosed. 





(City, State, Zip) 
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Position: 
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Responsibilities 
To Be Fulfilled: 


Qualifications 
Desired: 


Salary: 


Employer: 


| Application: 


Professor and Head 
Department of Anesthesia 


Direct the Education, Research and 
Service programs of the Anesthesia 
Department in the College of Medi- 
cine 


M.D. Degree, Board certification or 
equivalent and demonstrated scho- 
lar and leader in Anesthesia 


Appropriate for qualifications and 
responsibilities for a Professor and 
Head of Anesthesia 

Excellent fringe benefits 


The University of Iowa, lowa City, 
Iowa 52242 is an Equal Opportunit y/ 
Affirmative Action Employer 


Interested persons are invited to di- 
rect inquiries and submit vitae to: 


John Strauss, M.D. 
Professor and Head 
Department of Dermatology 
Boyd Tower 

University of lowa 

lowa City, lowa 52242 





a Accredited 
Anesthesia Residency 
Program 
PGY-1,2,3,&4 


University of Massachusetts 
Medical Center 


Applications are now being accepted for 
Anesthesia residencies, (PGY - 1, 2, 3, & 4) in 
the Department of Anesthesia, University of 
Massachusetts Medical Center. The program 
consists of three years training beyond the MD. 


and an optional fellowship year, which may be 
taken in Critical Care Medicine, Cardiovascular 
Anesthesia, Research, or Pain Control, 


For further information please contact: 
Danna B. Peterson, M.D., Ch. B, Assistant 
Professor of Anesthesia, Residency Program 
Coordinator - Department of Anesthesia. 


eee University of 
” "st Massachusetts 


«xC Medical Center 
< 4,5 55 Lake Avenue North 
Worcester, MA 01605 


An affirmative action equal opportunity 
employer 
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REVIEW COURSE LECTURES 


A booklet containing the 15 Review Course Lectures given at the IL.A.R.S. 55th 
Congress in March of 1981 is now available from the LA.R.S. Cleveland business 
office at $5.00 per copy. Send order form below with check for $5.00 payable to 
“International Anesthesia Research Society”. 


hed ee ee ee ee ee tos ee test ee o stesso sss edoeta 


LA.R.S. 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Enclosed is check for $_. — for 
sent to: 


-— copy(ies) of “1981 Review course Lectures” to be 
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OBSTETRICAL ANESTHESIOLOGIST 
NEURO-SURGICAL ANESTHESIOLOGIST 





The University of Kentucky Medical Center includes a 500-bed 
teaching hospital and a 450-bed VA hospital physically and 
administratively connected. There were 9100 operative proce- 
dures last year. Currently, there are 14 staff Anesthesiologists, 3 
Fellows, 20 Residents and 15 CRNAs. We have major respon- 
sibility in ICU and Respiratory Care. We intend to develop 
outstanding programs in Neuro-Surgical and Obstetrical Anes- 


CHIEF OF ANESTHESIA | 


Existing four-member Anesthesiology | 

















Inquiries are invited for faculty positions from 
physicians who have completed specialized 
year training in anesthesiology. Specific need 
exists for those qualified in intensive care, 
cardiac anesthesia, regional anesthesia, and 
pediatric anesthesia. Equivalent expenence 
may substitute for subspecialty training. Can- 
didate must be eligible for an lowa medical 
license. Interested candidates should submit 
curriculum vitae to: 


Center In Motion. 


Due to the expansion of the University Hospital, 
openings are available at the University of Massa 
chusetts Medical Center for both senior and junior 
oul in the areas of pediatric and cardiac anes 
thesia, and pain control The minimum require 
ment for junior faculty is board certification and’ 
or eligibility. Senior faculty would be appointed 
at the level of Assistant’ Associate Professor, de 
S on credentials, and should have an inter- 
est and experience in cardiac and/or pediatric 
anesthesia or pain control Excellent opportunity 
for research is available Send curriculum vitae 
and sources of three references to address below. 


Gary W. Welch, M.D., Ph.D. 
Acting Chairman 
Department of Anesthesia, 
University of Massachusetts 
Medical Center 

55 Lake Avenue North 
Worcester, MA 01605. 


We are an affirmative action equal oppor emplover, 
Women and minorittes are encouraged to appi 


















i 
| 
| Group desires Chief of Anesthesia for active thesiology with a goal for fellowship programs in each. We are 
200+ bed hospital | in South Florida. looking for 2 highly trained anesthesiologists to head up each | 
service. Value is placed on individuals who can introduce the 
| | latest procedures and techniques of monitoring and who can 
| The hospital where this Group has Medica! initiate investigative work, We are especially interested in highly 
i motivated, energetic individuals with current, successful educa- | 
| Staff privi ileges has four Ope rating Suites | tional preparation who have the ability to design their own 
| and a Cystology Room. | programs. Successful applicants must have, as a minimum, A. 
i | B. A. certification with fellowship training or substanual expe- 
| , rience. Working conditions are excellent and the salary and rank 
| Applicant must be Board Certified. will be dependent upon qualifications; however, $70,000 per 
| year is minimum. The Anesthesiology group at the University 
; wot ge pee as fo of Kentuc ky is a cohesive, enthusiastic organization. We are 
-a | Please send inquiries to Box 6-82-D, c/o located in a beautiful, rapidly expanding city in the heart of the 
| IARS. : Kentucky Blue Grass Region. Interested applicants should write: 
Ballard D. Wright, M.D. | 
University of Kentucky Medical Center 
| Department of Anesthesiology 
| : 800 Rose Street 
| | Lexington, Kentucky | 
= Uni ity of 
A OF AN , Massachusetts 
DEPARTMENT OF ANESTHESIA | 
À Medical Cent 
‘ edical Center 


Peter |. R. Jebson, M.D. 
Professor and Acting Head 
Department of Anesthesia 
University of lowa 

lowa City, lowa 52242 
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The University of lowa is an Equal 
Opportunity/ Affirmative Action Employer. 








CALIFORNIA: 


UCLA/Wadsworth V. A. Medical Center. 
Position available for Board certified /eli- 
gible anesthesiologist suitable for aca- 
demic appointment in the Department of 
Anesthesiology, UCLA School of Medi- 
cine. Basic and cinical research opportu- 
nities available. Cardiac and neuroanes- 
thesia; teaching interest required. Submit 
curriculum vitae, bibliography and three 
letters of reference to Patricia A. Kapur, 
M.D., Chief, Anesthesiology Service, 691/ 
212, Wadsworth V.A. Medical Center, 
Wilshire and Sawtelle Blvds., Los Angeles, 
CA 90073, 


PEDIATRIC ANESTHESIOLOGY RESH- 
DENCY 


Childrens Hospital of Los Angeles has ad- 
vanced clinical program for residents at 
the second and third year level of training. 
Also accepting applications from practic- 
ing anesthesiologists who wish to update 
their knowledge and proficiency. Positions 
available from 2 months to 1 year. Spe- 
cialized year approved by the AMA. For 
further details contact: 

George B. Lewis, Jr, MD 

Head, Division of Anesthesiology 

Childrens Hospital of Los Angeles 

4650 Sunset Boulevard 

Los Angeles, CA 90027 

Phone (213) 662-1708 


Department of Anesthesiology, Medical 
College of Ohio at Toledo, seeks qualified 
additional faculty at Assistant Professor 
and Associate Professor levels for clinical 
practice, teaching and research involve- 
ment. Adding high-risk obstetrical unit 
late 1983, Interest in regional anesthesia 
and pain management sought. Candidates 
must be ABA certified or eligible and have 
Ohio license. Competitive salary commen- 
surate with background and experience. 
New medical school campus and hospital 
in attractive lake-side community with ex- 
cellent family assets, and recreational op- 
portunities. Please send letter, CV plus 
three references to John T. Martin, M.D., 
Professor and Chairman, Department of 
Anesthesiology. Medical College of Ohio 
at Toledo, CS 10008, Toledo, Ohio 43699. ' 





classified 
ADVERTISING 


ANESTHESIOLOGIST — 

Board certified/eligible: To join four phy- 
sician, private fee-for-service anesthesiol- 
ogy group. Group provides total anesthe- 
sia care in busy modern metropolitan hos- 
pital (300 beds). Excellent salary, fringe, 
continuing education and related profes- 
sional development. Beautiful community 
with excellent schools and education. 
Great opportunity for professional and fi- 
nancial growth in family oriented com- 
munity. Immediate opening but will wait 
for right candidate. Send qualifications to 
Medical Park Anesthesiologists, Inc., 
Medical Park, Wheeling, WV 26003. 


UTAH— 


The University of Utah, Department of 
Anesthesiology is interested in an obstet- 
rical and a neurosurgical anesthesiologist. 
Research training desired. Appointment at 
assistant or associate professor level com- 
mensurate with training and experience. 
Contact Dr. K. C. Wong, Chairman, 50 
North Medical Drive, Salt Lake City, Utah 
84132. Equal Opportunity/Affirmative 
Action Employer. 





ILLINOIS: 


Immediate openings for Board certified/ 
eligible anesthesiologists—Assistant and 
Associate professors. Research Opportu- 
nities. Applications with Curriculum Vitae 
should be forwarded to: Dr. Donald Ben- 
son, University of Chicago, Department of 
Anesthesiology, 950 E. 59th Street, Chi- 
cago, IL 60637. Phone (312) 947-6128. An 
equal opportunity employer. 


ANESTHESIOLOGISTS— 

needed at all acadernic levels. Must be 
Board certified/eligible. Duties include 
patient care, resident and medical student 
teaching and research. Positions available 
at the University of Missouri Medical Cen- 
ter Hospital and The Harry $. Truman 
Memorial Veterans Hospital. Interested 
applicants send a curriculum vitae to: 
G.W.N. Eggers, Jr., M.D., Professor and 
Chairman, Department of Anesthesiology, 
University of Missouri-Columbia, Health 
Sciences Center, Columbia, MO. 65212. 
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MINNESOTA: 

Anesthesiologist, Board certified or eligi- 
ble, needed in small Minnesota city. Mod- 


ern regional referral hospital. Reply to Box 
11-81-D, c/o IARS. 





ANESTHESIOLOGIST: 

Seeking young physician -certified or 
Board eligible, to join 4-man group, cor- 
porate practice. 300-bed hospital Chicago 
suburb, excellent schools, lovely commu- 
nity. Anesthesia for all types surgery ex- 
cept cardiac, minimal OB. Reply to Box 4- 
82-B, c/o LARS. 


ANESTHESIOLOGY—CHAIRMAN OF 
DEPARTMENT: 

Maricopa County General Hospital, 559- 
beds with four year approved Anesthe- 
siology Residency Program. 3 full-time 
physicians and 15 CRNAs. Current Chair- 
man leaving July ‘82. EOE. Forward inqui- 
ries and CV to MacDonald Wood, M.D., 
c/o Medical Staff Secretary, 2601 E. Roo- 
sevelt, Phoenix, AZ 85008. 


MICHIGAN 

We're expanding again! Major referral 
hospital in winter/summer resort area of 
Northwestern lower Michigan, needs an 
Anesthesiologist to join five Board certi- 
fied anesthesiologists and two CRNAs. All 
specialties including Cardiac and Respira- 
tory Care. Excellent fringe benefit pack- 
age. A great place to live and raise a family. 
Contact J. R. Rasmussen, M.D., Burns 
Clinical Medical Center, P.C., Petoskey, 
MI 49770. 


ANESTHESIOLOGIST. 


Board eligible. Illinois town of 40,000, 30 
minutes from major university city. Aca- 
demic caliber practice with other Board 
certified anesthesiologists and CRNAs. 
Experience in critical care and pulmonary 
care with excellent opportunity for 
growth. All types of surgery except heart 
surgery. Total of 700 beds. Excellent work- 
ing conditions. Good income and benefits. 
Send resume and reference to Box 5-82-H, 
c/o LARS. 


a Si E a RET I OTA 
PEDIATRIC ANESTHESIOLOGIST— 
Full time opportunity in general pediatric 
hospital specializing in care of the handi- 
capped child. Position will be available 
July 1, 1982. Competitive salary and fringe 
benefits. Please send CV to Gerald B. Katz, 
M.D., Assistant Executive Director, Med- 
ical Affairs, Joseph P. Kennedy, Jr. Me- 
morial Hospital, 30 Warren St., Boston, 
MA 02135. An Equal Opportunity Em- 
ployer. 


NEW MEXICO 


SUNBELT OPPORTUNITIES—Anesthe- 
siology positions needed for expanding 
hospital based practice. Our progressive 
275-bed University Hospital Regional 
Trauma Center will offer an excellent op- 
portunity for activities involving all surgi- 
cal specialties. Positions available include 
Chief of Anesthesiology and Staff Anes- 
thesiologist positions. Send curriculum vi- 
tae or contact: Loren Pitcher, M.D., Med- 
ical Director, University of New Mexico 
Hospital/Bernalillo County Medical Cen- 
ter, 2211 Lomas N.E., Albuquerque, NM 
871.06. 


ANESTHESIOLOGISTS— 

Full-time, tenure-track, teaching positions 
in a large, rapidly expanding University 
Program. Opportunities available at As- 
sistant, Associate, and full Professor levels 
in Pain Clinic, Obstetrical, Cardiac Anes- 
thesia and anesthesia for Ambulatory Sur- 
gery. Also seeking anesthesiologist with 
minimum of two years experience in Res- 
piratory and Intensive Care to carry out 
teaching and research in Respiratory Care. 
Board certification desirable but not man- 
datory. Competitive salaries and fringe 
benefits. Address inquiries, including cur- 
riculum vitae, to Alon P. Winnie, M.D., 
Chairman, Department of Anesthesiology, 
University of Illinois Hospital, 1740 West 
Taylor Street, Chicago, IL 60612. The Uni- 
versity of Illinois is an Equal Opportunity/ 
Affirmative Action Employer. 
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ALABAMA— 

Anesthesiologist needed to join a hospital 
based Board certified anesthesiologist and 
7 CRNAs at a 290-bed acute care general 
hospital. Please send curriculm vitae to 
Box 6-82-A, c/o LARS. 


ANESTHESIOLOGISTS 


needed, Board certified or eligible in ex- 
panding 650-bed medical center. Excellent 
practice opportunity. Please contact R. P. 
Strader, M.D., Western Anesthesiology, 
P.O. Box 24507, St. Louis, MO 63141. 


ANESTHESIOLOGIST WANTED: 


For a 500-bed VA Medical Center, moun- 
tain resort area in Western North Carolina. 
Hospital is affiliated with Duke University 
Medical Center, with all surgical subspe- 
cialties including cardiac surgery (but no 
neurosurgery) Contact Dr. Timothy Tak- 
aro or Dr. Robert Fish, c/o VA Medical 
Center, Asheville, N.C. 28805. An equal 
opportunity employer. 

DR NAC SS Bn Sa a ne aa A] 
DEPARTMENT OF ANESTHESIOLOGY 
University of California, San Diego is re- 
cruiting for faculty members at the Assist- 
ant or Associate Professor level. Demon- 
strated experience in teaching clinical 
training and patient care required at the 
Associate Professor level, with research 
interest or experience preferred. Back- 
ground in above required at the Assistant 
Professor level. Salary commensurate with 
background and experience. Must be 
Board certified or Board eligible, and a 
California licence is required. Please send 
letter, curriculum vitae and three refer- 
ences to Lawrence J. Saidman, M.D., Dept. 
of Anesthesiology H-770, University of 
California Medical Center, San Diego, 225 
Dickinson St, San Diego, California 
92103. The University of California, San 
Diego, is an equal opportunity/AA em- 
ployer. All applications received by July 
15, 1982 will receive thorough considera- 
tion. 
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PRIVATE GROUP: 


2 MDs, 4 CRNAs seeking experienced 
individual interested in 6 months cover- 
age, March-August or September-Febru- 
ary. Practice covers all specialties except 
open heart and major neuro; minimal OB. 
Modern 280-bed hospital near metropoli- 
tan area on Texas Gulf Coast. For further 
details write, USNBE, Box 767, Friends- 
wood, Texas or call (713) 482-8597. 





ANESTHESIOLOGISTS 


needed for growing modern ambulatory 
surgical centers. All types of procedures 
performed. Locations throughout Florida. 
Send resumes to Box 6-82-C, c/o IARS. 


CHIEF ANESTHESIOLOGISTS 


needed for growing modern ambulatory 
surgical centers. All types of procedures 
performed. Locations throughout Florida. 
Send resumes to Box 6-82-B, c/o LARS. 


VACATION COVERAGE: 


American graduate, Board certified anes- 
thesiologist. Available for locum tenens in 
Manhattan, Boston or Hawaii in June, July 
or August. Excellent references. Please re- 
ply to P. O. Box 422, Corona del Mar, CA 
92625. 


Rates for classified advertising: $3.00 per 
line, minimum 5 lines; box number ads 
$3.50 per line. Classified display rates on 
request, Copy deadline 6 weeks prior to 
publication. Do not submit payment with 
order; invoices will be sent for payment 
prior to publication. Ad copy, subject to 
acceptance by publisher, should be mailed 
to: Anesthesia and Analgesia, 3645 War- 
rensvile Center Rd, Cleveland, OH 
44122. 
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Regono! 
nhaostamine 
econ es ection) 


Now formulated without parabens, Regonol is a 
fast-acting reversal agent with documented 
advantages over neostigmine. It maintains 
greater cardiovascular stability,’ causes fewer 
muscarinic side effects? and has up to 33% 
longer action.? A wider margin between the anti- 
curare dose and the neuromuscular blocking 
dose? assures better control of the patient. 





References: 1. Gyermek L. Curr Ther Res 18377-386, 1975. 2. Katz RL ANS INES 


BRIEF SUMMARY— (Please consult full package insert, enclosed in every package. before 
using Begonal) 

INDICATIONS—Pyridostigmine bromide is useful as a reversal agent or antagonist to 
nondepolanzing muscle relaxants. 


CONTRAINDICATIONS—Kriown hypersensitivity to anticholinesterase agents: intestinal and 
unnary obstructions of mechanical type 


WARNINGS —-Pyridostigrune bromide should be used with particular caution in patients with 
bronchial asthma or cardiac dysrhythmias. Transient bradycardia may occur and be relieved by 
airopine sulfate. Atropine shouid also be used with caution in patients with cardiac dysrhyth- 
mias. When large doses of pyridostigmine bromide are administered. as during reversal of 
muscle relaxants, prior or simultaneous injection ol atropine sulfate is advisable Because of the 
possibility of hypersensitivity in an occasional patient. atropine and antishock medication 
shouid always be readily available. 

When used as an antagorust to nondepolanzing muscle relaxants. adequate recovery of 
voluntary respiration and neuromuscular transmission must be obtained prior to discontinua- 
tion of respiratory assistance and there should be continuous patient observation, Satisfactory 
recovery May be defined by a combination of clinical jucigement, respiratory measurements and 
ouservation of the effects of peripheral nerve stimulation. tf there is any doubt concerning the 
adequacy of recovery from the effects of the fondepolanzing muscle relaxant, artdicial 
ventiation should be continued until all doubt has been removed 


Use in Pregnancy—The satety of pynidoshgmine bromide during pregnancy or lactation in 
humans has not been established. Therefore its use in women who are pregnant requires 
weighing the drugs potential benefits against its possible hazards to mother and child 


ADVERSE REACTIONS~-The side effects ot pynidostigmine bromide are most commonly 
related to overdosage and generally are of two varieties. muscarinic and nicotinic. Among those 
in the former group are nausea. vomiting, diarrhea, abdominal cramps. increased peristalsis. 
increased salvation. increased bronctual secretions, mosis and diaphoresis. Nicotinic side 
eflects are comprised chiefly of muscle cramps, fasciculation and weakness. Muscarinic side 
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effects Gan usually be counteracted by atropine. As with any compound Containing the brornid 
radical, a skin rash may be seen in an occasional patient. Such reactions usualy subsid 
promptly upon discontinuance of the medication. Thrombophiebitis has been reporte 
subsequent to intravenous administration: 


DOSAGE AND ADMINISTRATION—\When pyndostigmine bromide is given intravenously t 
reverse the action of muscle relaxant drugs, ifs recommended that atropine sufate (0.6 to 1. 
mg} or glycopyrrolate in equipotent doses be given intravenously immediately prior to č 
sMutaneous with its administration. Side effects. notably excessive secretions and bradycai 
dia are thereby minimized. Reversal dosages tange from 6 1-0,25 mg. “kg. Usually 10 or 20 mre 
of pyridostigrnine bromide will be sufficient for antagonism of the effects of the nondepolarizing 
muscie relaxants. Although full recovery may occur within 15 minutes in most patients, other: 
may require a halt hour or more. Satisfactory reversal can be evident by adequate voluntar 
respration, respiratory measurements and use of a peripheral nerve stimulator device. it i 
recommended thal the patient be well ventilated and a patent airway maintained unti complet 
recovery of normal respiration is assured. Once satisfactory reversal has been attained 
recuranzation has not been reported. 

Failure of pyridastigmine bromide to provide prompt (within 30 minutes) reversal may occur 
e.g. in ihe presence of extreme debilitation, carcinomatosis. or with concomitant use of cenai 
broad spectrum antibiotics or anesthetic agents, notably ether Under these circumstances 
ventilation must be supported by artificial means unti the patient has resumed comro of his 
respration, 

HOW SUPPLIED —Regonol is available in: 
amg./ml 2 ml. ampuls—boxes of 25--NDC-0052-0460-02 
Smi Vials boxes of 25—-NDC-0052-0460-05 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 


Organon 





APART OF Akzona inc. 


All American... 


Now, all from American Hospital Supply, a 
complete anesthesia system from patient 
to machine. All with convenience and 
safety features for you and your patient. 
A new self-adhesive endo-tube holder 
provides security against disconnection 
from excessive patient mobility and 
resulting trauma. 
Endotracheal tubes are in a wide variety 
of lengths and dimensions, with or 
without cuffs, to meet your requirements. 
The naturally hydrophobic 2-Way filter 
is 99% viral/ bacterial efficient and small 
enough to be used for either inspiratory 
or expiratory filtration. 
Plus, we've just added a new noncon- 
ductive circuit with swivel connector fo ld 
our extensive line of nonconductive and | « a 
conductive anesthesia circuits. These are Ss a 
available with a 3-liter conductive bag. 
Tube. Holder. Filter. Circuit. End-to-end, 
American has it all. Just contact your AHS 
representative or write directly toAmerican 
Hospital Supply, 1450 Waukegan Road, 
McGaw Park, Illinois 60085. 


American Hospital Supply 
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Compare the whole package 


Compared to the Physio-Control VSM™ 1 vital 
signs monitor, some new competitive monitors are 
bigger, fancier and more expensive. And some are 
less so. But more and more professionals are 
choosing the VSM 1vital signs monitor because it’s 
the best total package, Consider: No other monitor 
in this field gives so much capability in so small a 
package at so low a price. It’s truly portable. Truly 
versatile. Truly the best value in the market. And, 
backed by the service team that’s truly the best in 
the country. The Physio-Control VSM 1 vital signs 
monitor. See it and compare for yourself. 





The VSM 1 Vital Signs Monitor from Physio-Control. 


Physio-Control Corporation - Cardiovascular Division + 11811 Willows Road - Redmond, Washington 98052 USA. (206) 881-4006 


1482 Physic-Contral Corporation 
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Surgical procedures are perceived as frightening or 
unpleasant by most patients. It given the opportunity, many 
would rather not remember anything about the or deal. 


Ativan’ Injection can help. Administered as recommended, 
Ativan Injection helps sedate the patient, relieves presur gical 
anxiety and diminishes recall of events surrounding surgery. 


The dosage of Ativan Injection should be individualized for each 
patient. For those patients in whom a lack of recall and excellent 
sedation are desired, doses of 0.05 mg/kg up to a maximum 

of 4 mg should be administered. For patients in whom a lack of 
recall is not desired, as well as for the elder ly or debilitated, the 
dose of Ativan Injection should be reduced. 







Wyeth Laboratories 


See important information on following page. ; | Philadelphia, PA 19101 
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| ATIVAN (LORAZEPAM) Œ 
INJECTION M orlV 
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DESCRIPTION: Ativan” (lorazepam) injection, a benzodiazepine with antianxiety and sedative effects. is intended 
for IM or IV use. it has the chemical formula 7-chioro-5-(o-chlorophenyl}-1.3-dihydro-3-hydroxy-2H- 1.4-benzo- 
diazepin-2-one. 

Lorazepam is a nearly white powder almost insoluble in water. Each mi of sterile injection contains either 2.0 or 
4.0. mg lorazepam, 0.18 mi polyethylene glyco! 400 in propytene glyco! with 2.0% benzyl alcohol as preservative. 


CLINICAL PHARMACOLOGY: IV or IM administration of recommended dose of 2-4 mg lorazepam injection to 
adult patients is followed by dose related effects of sedation (sleepiness or drowsiness), relief of preoperative anxi- 
ety and lack of recall of events related to day of surgery in most patients. The clinical sedation (sleepiness or 
drowsiness) thus noted is such that most patients are able to respond to simple instructions whether they give 
appearance of being awake or asleep. Lack of recall is relative rather than absolute, as determined under condi- 
tions of careful patient questioning and testing, using props designed to enhance recall. Most patients under these 
reinforced conditions had difficulty recalling perioperative events, or recognizing props from before surgery. Lack 
of recati and recognition was optimum within 2 hours after IM and 15-20 minutes after IV injection. 

Intended effects of recommended adult dose of lorazepam injection usually last 6-8 hours. in rare instances and 
where patients received greater than recommended dose, excessive sleepiness and prolonged lack of recall were 
noted. As with other benzodiazepines, unsteadiness, enhanced sensitivity to CNS depressant effects of ethyl aico- 
ho! and other drugs were noted in isolated and rare cases for greater than 24 hours. 

Studies in healthy adult volunteers reveal that IV lorazepam in doses up to 3.5 mg/70 kg does not alter sensitiv- 
ity to respiratory stimulating effect of carbon dioxide and does not enhance respiratory depressant effects of doses 
of meperidine up to 100 mg/70 kg falso determined by carbon dioxide challenge} as tong as patients remain suffi- 
ciently awake to undergo testing. Upper airway obstruction was observed in rare instances where the patient 
received greater than recommended dose, and was excessively sleepy and difficult to arouse. (See WARNINGS and 
ADVERSE REACTIONS.) 

Clinically empioyed doses of lorazepam injectable do not greatly affect the circulatory system in the supine posi- 
tion or employing a 70 degree tilt test. Doses of 8-10 mg of IV lorazepam (2 to 2.5 times maximum recommended 
dosage} will produce loss of lid reflexes within 15 minutes. 

Studies in six (6) healthy young adults who received lorazepam injection and no other drugs revealed that visual 
tracking (the ability to keep a moving line centered) was impaired for a mean of eight (8) hours following 4 mg IM 
lorazepam and tour (4) hours following 2 mg IM with considerable subject variation. Similar findings were noted 
with pentobarbital 150 and 75 mg. Although this study showed both lorazepam and pentobarbital interfered with 
eye-hand coordination, data are insufficient to predict when it would be safe to operate a motor vehicie or engage in 
hazardous occupation or sport. 

INDICATIONS AND USAGE: in adults -for preanesthetic medication, producing sedation (sleepiness or drowsi- 
ness), relief of anxiety, and decreased ability to recall events related to day of surgery. Most useful in patients anx- 
ious about surgical procedure who prefer diminished recall of events of day of surgery. 

CONTRAINDICATIONS: Known sensitivity to benzodiazepines or vehicle (polyethylene glycol, propylene glycol. 
and benzy! alcohol) or acute narrow angle glaucoma. intra-arterial injection is contraindicated because, as with 
other injectable benzodiazepines, inadvertent intra-arterial injection may produce arteriospasm resulting ingan- 
grene which may require amputation. (See Warnings) 

WARNINGS: PRIOR TO IV USE, LORAZEPAM SHOULD BE DILUTED WITH EQUAL AMOUNT OF COMPATIBLE DILUENT 
(SEE DOSAGE AND ADMINISTRATION). IV INJECTION SHOULD BE MADE SLOWLY AND WITH REPEATED ASPIRATION. 
CAREFULLY DETERMINE THAT INJECTION WILL NOT BE INTRA-ARTERIAL AND PERIVASCULAR EXTRAVASATION 
WILL NOT OCCUR. PARTIAL AIRWAY OBSTRUCTION MAY OCCUR IN HEAVILY SEDATED PATIENTS. IV LORAZEPAM. 
GIVEN ALONE IN GREATER THAN RECOMMENDED DOSE, OR AT RECOMMENDED DOSE AND ACCOMPANIED BY 
OTHER DRUGS USED DURING ANESTHESIA, MAY PRODUCE HEAVY SEDATION: THEREFORE, EQUIPMENT TO MAIN- 
TAIN PATENT AIRWAY AND SUPPORT RESPIRATION AND VENTILATION SHOULD BE AVAILABLE. 


No evidence now supports lorazepam injection in coma, shock or acute alcohol intoxication, Since the liver is the 
most likely site of conjugation anc since excretion of conjugated lorazepam {giucuronide), is renal, lorazepam is not 
recommended in hepatic and/or renal failure. This does not preclude its use in patients with mild to moderate hepa- 
tic or renal disease. When injectable lorazepam is used in mild to moderate hepatic or renal disease, consider 
lowest effective dose since drug effect may be prolonged. Experience with other benzodiazepines and limited expe- 
rience with parenteral lorazepam demonstrated that tolerance to concomitant alcohol and other CNS depressants 
is diminished. As with similar CNS-acting drugs, patients receiving injectable lorazepam should not operate 
machinery or motor vehicles or engage in hazardous occupations for 24 io 48 hours. Impairment of performance 
may persist for greater intervals because of extremes of age, other concomitant drugs, stress of surgery or general 
condition of patient. Clinical trials showed patients over 50 may have more profound and protonged sedation with 
NV use. Ordinarily an initial dose of 2 mg may be adequate, unless greater degree of lack of recall is desired. As with 
all CNS depressants. exercise care in patients given injectable lorazepam since premature ambulation may result 
in injury from falling. There is no added beneficial effect from adding scopolamine to injectable lorazepam. their 
combined effect may result in increased incidence of sedation, hallucination and irrational behavior 

Pregnancy: LORAZEPAM GIVEN TO PREGNANT WOMEN MAY CAUSE FETAL DAMAGE. Increased risk of congenital 
malformations with use of minor tranquilizers (chiordiazepoxide, diazepam, meprobamiate) during first trimester of 
pregnancy was suggested in several studies. in humans, blood levels from umbilical cord blood indicate placental 
transfer of lorazepam and its glucuronide. Lorazepam injection should not be used during pregnancy because of 
insufficient data on obstetrical safety, including its use in cesarean section. Reproductive studies performed in 
mice, rats, and two strains of rabbits showed occasional anomalies (reduction of tarsals, tibia. metatarsals, malro- 
tated limbs, gastroschisis, malformed skull and microphthaimia) in drug-treated rabbits without relationship to 
dosage. Aithough all these anomaiies were not present in concurrent controt group, they have been reported to 
occur randomly in historical controls. At doses of 40 mg/kg p.o. or 4 mg/kg IV and higher, there was evidence of 
fetal resorption and increased fetal toss in rabbits which was not seen at tower doses. 

Endoscopic Procedures: There are insufficient data to support lorazepam injection for outpatient endoscopic 
procedures. inpatient endoscopic procedures require adequate recovery room observations. Pharyngeal reflexes 
are not impaired when lorazepam injection is used for per-oral endoscopic procedures, therefore adequate topical 
or regional anesthesia is recommended to minimize reflex activity associated with such procedures 
PRECAUTIONS: General: Bear in mind additive CNS effects of other drugs. e.g. phenothiazines, narcotic analge- 
sics, barbiturates, antidepressants, scopolamine and MAO inhibitors when these drugs are used concomitantly 
with or during period of recovery from lorazepam injection. (See CLINICAL PHARMACOLOGY and WARNINGS.) Use 
extreme care in giving lorazepam injection to elderly or very ill patients, or those with limited pulmonary reserve, 
because of possible underventilation and/or hypoxic cardiac arrest. Resuscitative equipment for ventilatory sup- 
port should be readily available. (See WARNINGS and DOSAGE and ADMINISTRATION.) When lorazepam is used IV 
as premedicant prior to regional or ioca! anesthesia, excessive sleepiness or drowsiness may possibly interfere 
with patient cooperation to determine anesthesia levels. This is most likely when more than 0.05 mg/kg is given 
and narcotic analgesics are used concomitantly with the recommended dose. (See ADVERSE REACTIONS |} 
intormation for Patients: As appropriate, inform patients of pharmacological effects, e.g. sedation, relief of 
anxiety and lack of recall, and duration of these effects (about 8 hours), so they may adequately perceive risks as 
well as benefits from its use. Caut:on patients who receive lorazepam injection as premedicant that driving auto- 
mobiles or operating hazardous machinery, or engaging in hazardous sports should be delayed for 24 to 48 hours 
after injection. Sedatives, tranqui‘izers, and narcotic analgesics given with injectable lorazepam may produce 
more prolonged and profound effect, taking the form of excessive sleepiness or drowsiness, and rarely interfering 
with recall and recognition of events of day of surgery and the day after. Getting out of bed unassisted may result in 
falling and injury if undertaken within 8 hours of receiving lorazepam injection. Alcoholic beverages should not be 
used for at least 24 to 48 hours after lorazepam injection due to additive effects on CNS depression seen with Den- 
zodiazepines in general. Elderly patients should be told lorazepam injection may make them very sleepy far longer 
than 6 to 8 hours after surgery. 


Laboratory Tests: in clinical triats no laboratory test abnormalities were identified with single or multiple doses 
of lorazepam injection. Tests included: CBC. urinalysis, SGOT, SGPT, bilirubin, alkaline phosphatase. LDH. choles- 
terol, uric acid, BUN, glucose, calcium. phosphorus and total proteins. 

Drug interactions: Lorazepam injection, like other injectable benzodiazepines, produces CNS depression when 
given with ethyl alcohol, phenothiazines, barbiturates, MAQ inhibitors and other antidepressants. When scopola- 
mine is used concomitantly with injectable lorazepam increased incidence of sedation, hallucinations and irrational 
behavior was observed. 

Orug/Laboratory Test interactions: No laboratory tes! abnormalities were identified when lorazepam was 
given alone or concomitantly with another drug, e.g. narcotic analgesics. inhalation anesthetics, scopolamine, 
atropine. and various tranquilizing agents. 
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Carcinogenesis, Mutagenesis, impairment of Fertility: No evidence of carcinogenic potential emerged in 
rats and mice during an 18-month study with oral lorazepam. No studies regarding mutagenesis have been per- 
formed. Pre-imp-antation study in rats, performed with oral lorazepam at a 20 mg/kg dose. showed no impairment 
of fertility. 

Pregnancy: Pregnancy Category 0. See WARNINGS section. 

Labor and Delivery: There are insufficient data for lorazepam injection in labor and delivery, including cesarean 
section: therefore, this use is hot recommended. 

Nursing Mothers: Do not give injectable lorazepam to nursing mothers, because like other benzodiazepines, 
lorazepam may possibly be excreted in human milk and sedate the infant. 

Pediatric Use: There are insufficient data to support efficacy or make dosage recommendations for injectable 
lorazepam in patients under 18 years; therefore, such use is not recommended. 

ADVERSE REACTIONS: CNS: Most frequent adverse effects with injectable lorazepam are extensions of drug's 
CNS depressant effects. Incidence varied from one study to another, depending on dosage, route, use of other CNS 
depressants, and investigator's opinion concerning degree and duration of desired sedation. Excessive sleepiness 
and drowsiness were main side effects. This interfered with patient cooperation in about 6% (25/446) of patients 
undergoing regional anesthesia in that they were unable to assess levels of anesthesia in regional blocks or with 
caudal anesthesia. Patients over 50 years had higher incidence of excessive sleepiness or drowsiness compared 
with those under 50 (21/106 vs 24/245) when lorazepam was given IV (see DOSAGE and ADMINISTRATION). On rare 
occasion (3/1580) patient was unable to give personal identification on arrival in operating room, and ene patient 
teli when attempting premature ambulation in postoperative period. Symptoms such as restlessness. confusion, 
depression, crying, sobbing, and delirium occurred in about 1.3% (20/1580). One patient injured himself postopera- 
tively by picking at his incision. Hallucinations were present in about 1% (14/1580) of patients, and were visual and 
self-limiting. An occasional patient complained ot dizziness, diplopia and/or blurred vision. Depressed hearing was 
infrequently reported during peak effect period. An occasional patient had prolonged recovery room stay, because 
of excessive sleepiness or some torm of inappropriate behavior (latter seen most commonly when scopo'amine 
ven concomitantly as premedicant). Limited information from patients discharged day after receiving injectable 
lorazepam showed one patient complained of some unsteadiness of gait and reduced ability to perform complex 
mental functions. Enhanced sensitivity to alcoholic beverages was reported more than 24 hours after injectable 
lorazepam, similar to experience with other benzodiazepines. 


Local Effects: IM lorazepam resulted in pain at injection site, a sensation of burning, or observed redness in the 
same area in a very variable incidence from one study to another. Overall incidence of pain and burning was about 
17% (146/859) in immediate postinjection period, and about 1.4% (12/859) at 24-hour observation time. Reactions 
at injection site (redness) occurred in about 2% (17/859) in immediate postinjection period, and were present 24 
hours later in about 0.8% (7/859). IV lorazepam resulted in pain in 13/771 patients or about 1.6% immediately post- 
injection and 24 hours later 4/771 patients or about 0.5% still complained of pain. Redness did not occur immedi- 
ately post IV but was noted in 19/771 patients at 24-hour period {incidence is similar to that observed with IV 
intusion before lorazepam was given). 
Cardiovascular System: Hypertension (0.1%) and hypotension (0.1%) were occasionally observed after patients 
received injectable lorazepam. 
Respiratory System: Five patients (5/446) who underwent regiona! anesthesia were observed to have partial 
airway obstruction. This was believed due to excessive sleepiness at time of procedure. and resulted in temporary 
underventilation. Immediate attention to the airway, employing usual countermeasures, wil! usually suffice to man- 
age this (see also CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS). 
Other Adverse Experiences: Skin rash, nausea and vomiting were occasionally noted in patients who received 
injectable lorazepam with other drugs during anesthesia and surgery. 
DRUG ABUSE AND DEPENDENCE: As with other benzodiazepines, lorazepam injection has a low potential for 
abuse and may lead to limited dependence. Although there are no such clinical data for injectable lorazepam, 
repeated doses over prolonged period of time may result in limited physical and psychological dependence. 
OVERDOSAGE: Overdosage of benzodiazepines is usually manifested by varying degrees of CNS depression rang- 
ing from drowsiness to coma. in mild cases symptoms include drowsiness, mental confusion and lethargy. in more 
serious cases ataxia, hypotonia, hypotension, hypnosis, stages one to three coma, and very rarely death. Treat- 
ment of overdosage is mainly supportive until drug is eliminated. Carefully monitor vital signs and fluid balance. 
Maintain adequate airway and assist respiration as needed. With normally functioning kidneys, forced diuresis 
with intravenous fluids and electrolytes may accelerate elimination of benzodiazepines. in addition, osmotic diu- 
retics such as mannitol may be effective as adjunctive measures. In more critical situations, renal dialysis and 
exchange blood transfusions may be indicated. Published reports indicate that IV infusion of 0.5 to 4 mg physostig- 
mine at rate of 1 mg/minute may reverse symptoms and signs suggestive of central anticholinergic overdose (con- 
fusion, memory disturbance, visual disturbances, hallucinations, delirium). however, hazards associated with 
physostigmine {i.e., induction of seizures} should be weighed against possible clinical benefit. 
DOSAGE AND ADMINISTRATION: Parenteral drug products should be inspected visuaily for particulate matter 
and discotoration prior to administration whenever solution and container permit. Do not use if solution is discol- 
ored or contains a precipitate. 
intramuscular injection: For designated indications as premedicant, usual IM dose of lorazepam is 0 05 mg/kg 
up to maximum of 4 mg. As with ali premedicants, individualize dose. (See also CLINICAL PHARMACOL OGY, WARN- 
INGS, PRECAUTIONS, and ADVERSE REACTIONS.) Doses of other CNS depressants should ordinarily be reduced. 
(See PRECAUTIONS.) For optimum effect measured as lack of recall, administer lorazepam IM at least 2 hours 
before anticipated operative procedure. Administer narcotic analgesics at usual preoperative time. There are 
insufficient efficacy data to make dosage recommendations for IM lorazepam in patients under 18 years. therefore. 
such use is not recommended. 


Intravenous Injection: For the primary purpose of sedation and retiet of anxiety, usual recommended initial IV 
dose of lorazepam is 2 mg total, or 0.02 mgt (0.044 mg/kg), whichever is smaller. This dose will suffice for sedat- 
ing most adults, and should not ordinarily be exceeded in patients over 50 years. In patients in whom greater likeli- 
hood of lack of recall for perioperative events would be beneticial, larger doses —as high as 0.05 mg/kg up to total 
of 4 mg—may be given. (See CLINICAL PHARMACOLOGY, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS.) 
Doses of other injectable CNS depressants should ordinarily be reduced. (See PRECAUTIONS. } For optimam effect 
measured as lack of recall IV lorazepam should be administered 15-20 minutes before anticipated operative pro- 
cedure. EQUIPMENT NECESSARY TO MAINTAIN A PATENT AIRWAY SHOULD BE IMMEDIATELY AVAILABLE PRIOR TO 
IV USE OF LORAZEPAM (see WARNINGS). There are insufficient efficacy data to make dosage recommendations for 
N lorazepam in patients under 18 years. therefore, such use is not recommended. 

Administration: When given IM, lorazepam injection, undiluted, should be injected deep in muscle mass. Inject- 
able lorazepam can be used with atropine sulfate, narcotic anaigesics, other parenterally used analgesics, com- 
monty used anesthetics, and muscle relaxants. Immediately prior to IV use, lorazepam injection must be diluted 
with an equal volume of compatible solution. When properly diluted the drug may be injected directly into a vein or 
into the tubing of an existing IV infusion. Rate of injection should not exceed 2.0 mg per minute. Lorazepam injection 
1s compatible for dilution purposes with: Sterile Water tor injection, USP. Sodium Chloride injection, USP. 5% Dex- 
trose Injection, USP. 

HOW SUPPLIED: Ativan” (iorazepam} injection, Wyeth, is available in muttiple-dose viats and in TUBEX® Sterile 
Cartridge- Needle Units. 

2 mg/mi, NDC 0008-0581: 10 mi vial and tmi fill in 2 mi TUBEX. 

4mg/mi, NDC 0008-0570: 10 mi vial and Imi fill in 2 mt TUBEX. 

For IM or FV injection. 

Protect from fight. Keep in refrigerator. 

Directions for Dilution for IV Use: To dilute, adhere to following procedure: For TUBEX —(1) Extrude entire 
amount of air in half-tilted TUBEX. (2) Slowly aspirate desired volume of diluent. (3) Pull back slightly on plunger to 
provide additional mixing space. (4) immediately mix contents thoroughly by gently inverting TUBEX repeatedly 
until homogenous solution results. Do not shake vigorously, as this will result in air entrapment. For Vial~Aspirate 
desired amount of lorazepam injection into syringe. Then proceed as described under TUBEX. 
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precise control...stability of heart rhythm... 
reduced relaxant requirement...prompt, smooth recovery 
...Organ toxicity rare or nonexistent 
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For complete use information, please see following page. 
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CAUTION federal Law Prohibits Dispensing without a Presonption 


DESCRIPTION 


ETHRANE ienflurane} (2-chioro- 1,1 2-tnfluoroethy! difiuoromethyl ethen (CHFOOCFoCHFT s a nonflammahte inhalation 
anesthetic agent The boiling pom! ss 565°C at 760 mm Hg and the vapor pressure (mm Hg} 1s 175 at 20°C. 
218 at 26°C. and 345 at 36°C Vapor pressures can be calculated using the equation 


A = 7 967 
8 = — 8784 
T = °C + 273 16 (Kelvin) 

The space gravity (25°/26°C}as 1517 The refractive ndex at 20°C is 1 3026-1 3030 The blood/gas coetticient 
is 191 at 37°C and the oil/gas coefficient 6 98.5 at 37°C 

Enflurane is a clear. colorless, stable liquid whose purity exceeds 99 9 percent! {area % by gas chromatography) 
No stabilizers are added as these have been found, through controlled laboratory fests. to be unnecessary even 
in the presence of ultraviolet light Enfiwane is stable lo strong base and does not decompose m contact with 
soda ime and does not react wifh aluminum. tin, brass. iron ot Copper The partion coefficients of entiurane at 
26°C are 74 in conductive rubbe- ang 120 in polyvinyl chonde 


CLINICAL PHARMACOLOGY 


ETHRANE (enfiurane) is an inhalation anesthetic The MAC (minimum avesar concentration) in man is 168 percent 
m pure oxygen. 057 in 70 percent nitrous oude-—-30 percent oxygen, and 1 17 in 30 percent ndrous aade—7O 
percent oxygen 

Induchon and recovery from anesthesia with enflurane are rapt Enfuvare has a mid, sweet odor Enflurane 
may provide a mid stimulus to Salvation or tracheobronchial secrebons Pharyngeal and laryngeal reflexes are 
readily obturded The level of anesthesia can be changed rapidly by changing the inspired enflurane concentration 
Enflurane reduces ventiation as depth of anesthesia increases High PaCOg levels can be obtained a! deeper 
leveis af anesthesia if ventilation is not supported. Enflurane provokes a sgh response reminiscent of thal seer 
with Grathy! ether 

There ss a decrease in blood pressure with induction of anesthesia, followed by a return to near nomat with 
surgical stmutation Progressive increases in depth of anesthesia produce corresponding increases in hypotension 
Heart rate remains relatively constant without significant bradycardia Clectrocarchographic monitonng o recordings 
dicate that cardiac rhythm remains stable Elevation of the carbon diowde level in artenal blood does nat alter 
pardas rhythm 

Studies wt man indicate a considerable margin of safety in the adminstraton of epinephnne contarmng soluhons 
during enfiurane anesthesia. Enfurane anesthesia has been used in excision of pheochromocytoma m man without 
venincidar arrhythmias On the basis of sfuckes in patents anesthebzed with enflurane and injected with epmephnne 
contaming solutions to acheve hemostasis in a highly vascular area (lranssphenordai surgery}, it 1s recommended 
that 2 micrograms per kilogram (2 ug/kg) of epinephrine may be injected subcutaneously over a 10 minute period 
This may be repeated up to 3 times per hour 
Example: Up to 10 mi of 1 100.000 epmephrine contaming solution {10 sgim) may be injected subcutaneously 
over a 1G minute penod in a 50 kdogram patent ssdged to have ordinary tolerance to epinephrine admrurustraton 
No more than 30 mt of 1 100,000 epinaphnne contaimng solution (10 kgm) should be administered to such a 
pahent per hour The concomitant admunistrahon of kdocaine enhances the safety of the use of epinephnne dunng 
enfhrane anesthesia This effect of idocame is dose related All customary precautions in the use of vasoconsinctor 
substances should be observed 
Example Two: Aliematively, up to 20 mi of 1.200.900 epinephnne coniairyng sotution (5 agimi! may be substituted 
for 10 mi at + 190.000 solution in the above example 

Muscle relaxation may be adequate for inta-abdomiral operation at normai levels of anesthesia Muscle relaxants 
may be used to achieve greater relaxation and all commonly used muscie relaxants are compatible with enflurane 
The NON-DEPOLARIZING MUSCLE RELAXANTS ARE POTENTIATED In the normal 70 kg aduit, 6 19 9 mg of d 
tubocuranne er 1 to 15 mg of pancuronium wil produce a 90 percent or greater depression af twitch height 
Neostgyrine does not reverse the divect effect of enfiurane 

thotranstormation of enflurane in man results in jow peak levels of serum fuonde averaging 15 ai. These 
levels are weil below the 50 uM/i threshoki level which can produce manimal renal damage in normal subjects 
However, pahents chronically ingesting isoniazid or other hydrazine containing compounds may metabohze greater 
amounts of enfiurane Although no significant renal dystunction has heer found fhus far m such patents, peak 
serum fuonde levels can exceed 50 MA, particularly when anesthesia goes beyond 2 MAC hours Depression 
Of lyrnphocyte transformation does not follow prolonged enflurane anesthesia m man in the absence of surgery 
Thus enfiurane does not depress this aspect of the immune response 

Enfiurane 925 to 10 percent ‘average 0.5 percent} provides analgesia equal to that produced by 30 to 60 
percent (average $0 percent) nitrous oxide for vaginal delivery With either agent. patents remain awake, cooperative 
and oriented Maternal biood losses are comparable These clinical approaches produce normal Apgar scores 
Seral neurobehavioral testing of the newborn during the first 24 hours of ife reveais that neither enflurane nor 
mirous Oude analgesia is associated with obvious neurobehavworai alterations Nether enflurane nor nitrous made 
when used for obstetrical anaigesia alters serum BUN, creatinine, unc acid or asmolakty The only difference m 
the use of these two agents for obstetrical analgesia appears to be higher inspired oxygen concentration that 
may be used with enfiurane 

Anaigetic doses of enflurane, up to approximately | percent. do rot significantly depress the rate w force of 
ulenne contracton dunng labor and delivery A slowing of the rate of utenne contracton and a dirrinution ot the 
force of ulenne contraction is noted between the adrrunstration of 1 and 2 percent debvered enflurane. concentrakons 
somewhere between 2 and 3 percent delivered enflurane may abolsh utenne contactong Enfiurane displaces 
the myometnal response curve to oxytocin so that at jower concentrations of enfiurane oxytocin wil restore ulenne 
contractions. however, as the dose of enflurane progresses (somewhere between 15 and 3 percert dekverext 
enfiurane) the response to oxytocin is dimmshed and then abokshed Utesne bleeding may be increased when 
enfiurane is used in higher concentrations for vaginal delivery or to facilitate delvery by Cesarean section, however, 
thas has not been demonstrated eithin the recommended dosage range isee DOSAGE AND ADMINISTRATION 
section} Mean eshmated blood toss m patients anesthetized for therapeutic abortion with 1 percent anfiurane wm 
70 percent nitrous oxide with oxygen s approxunately twice that noted following therapeutic abortion performed 
with the use of a local anesthetic technique (40 mi versus 20 mii 


INDICATIONS AND USAGE 


ETHRANE tenfiurane} may be used for induction and maintenance of general anesthesia. Enflurane may be used 
fo prowde analgesia for vaginal deivery Low concentrations of enflurane {see DOSAGE AND ADMINISTRATION: 
May aiso be used to supplement other genera! anesthetic agents curmg delivery by Cesarean section Higher 
concentrations of enflurane may produce uteme relaxation and an increase in utenne bleeding 


CONTRAINDICATIONS 


ogof = A + BIT 


Seizure disorders {see WARNINGS} 
Known sensitady to ETHAANE fenfiurane) or other halogenated anesthetics 
Known of suspected genetic susceptibhty to mahgnant hyperthermia 


WARNINGS 


increasing depth of anesthesia with ETHRANE (enflurane) may produce a change m the electroencepnaiagram 
charactenzed by high voltage. fast frequency, progressing through spoke dome complexes alternating with periods 
of electrical sence to frank seizure activity. The latter may or may not be associated with motor movement Motor 
activity, when encountered, generally consists of twilching of “jerks” of various muscle groups: it is seiftimitng 
and can be terminated by lowering the anesthetic concentration This electroencephalographic pattern associated 
with deep anesthesia is exacerbated by low artenal carbon dioxide tension A reduction in ventilation and anesthetic 
concentrations usually suffices to eliminate seure activity. Cerebral biood flow and metabolism studies in normal 
volunteers immediately following seizure activity show no evidence of cerebral hypoxia Mental function testing 
does not reveal any impairment of performance following prolonged enfiurane anesthesia assocated with of not 
assonated with seizure activity 

Since levels of anesthesia may be altered easily and rapidiy, only calibrated vaponzers which measure output 
with reasonable accuracy shouid be used Hypotension and respiratory exchange can serve as a guide to depth 
of anesthesia Deep levels of anesthesia may produce marked hypotension and respratary depression 


PRECAUTIONS 


The achon of nondepolanang relaxants is augmented by ETHRANE fenfiwane} Less than the usual amounts of 
these drugs should be used H the usual amounts of nondepolarnaing relaxants are given, the hme tor recovery 
from neuromuscular blockade will be longer in the presence of enflurane than when halothane or nitrous oude 
with a balanced technique are used 

Hromsuifatein (BSP) retention: s muidly elevated postoperatively i same cases This may relate to the effect of 
Surgery Since prolonged anesthesia {5 to 7 hours) in human volunteers does not resultin BSP elevaton There $ 
some elevation of glucose and white blood court intraoperatively Glucose elevation shouid be considered n 
diabete patents Enfurane should be usec wih caution m patients who by virtue of metical or drug history could 
be considered more susceptiiie to cortical stimulation produced by this drug 

in susceptible indwiduals. enflurane anesthesia may tngger a skeletal muscle hypermetabobc state leading to 
hugh oxygen demand and the clrucai syndrome known: as malignant hypertherne The syndrome includes nonspecific 
leatures such as muscie ngidity, tachycardia. tachypnea, cyanosis. arrhythmias, and unstable blood pressure fil 
should aiso be noted that many of these nonspecific signs may appear with fight anesthesia, acute hypoxia. etc 
The syndrome of mahgnant hyperthermia secondary to enflurane appears to be rare, by March 1980. 35 cases 
hac been repaned in North Amenca tor an approumate madence o! 1/725.000 enfiurane anesthetics j An ncrease 
m overal metaboksm may be reflected on an elevated temperature (which may nse tanidly eary or iate in the 
case Dut usually is not the first sign of augmented metaboksm) and an wereased usage of the CO7 absorstan 
sysiern [hat canister) PaOe and oH may decrease, and hyperkalemia and a base delict may appear Treatment 
includes discontinuance of Inggeng agents je g. enfiurane), admirustraboc: of intravenous dantrolene. and applicator 
Gf supporhve therapy Such therapy includes wgorous efforts to restore body temperature to normal, respiratory 
and cHculatory Suppor as indnated, and management of electrolyte fuud-anid-base derangements Renal taiiure 
may apoga later and unne flow shoud be sustained Ht possible 

Swass ICR mice were given enflurane to determine whether such exposure might induce neoplasia Enflurane 
was given at w. Ye. and “99 MAC for four mrutero exposures and for 24 exposures to the pups dung the firs! 
ring weeks olite The mice were killed at 15 months of age The maidence of tumors m these mice was the 
same as on untreated control mine who were given the same background gases, but no! ihe anestherc 

Exposure of mige to 20 hours of 1 2 percent enfurane causes a smail (about e of 1%) but stahsheaily sigruhoant 
Increase in sperm abnormattes in contrast to these results. wn vitro approaches to the study of mutagenesis 
(Ames test sister chromatid exchange test, and the 8. azaquanidine system) have not shown a mutagenic effect 
of enfiurane 

Pregnancy Category B: 

Reoraducton studies have been performed in rats and rabtuts at doses up io four bmeg the human dose and 
have revealed no evidence of impared fertility ar harm to the telus due to enflurane There are, however oo 
adequate and wel controled studies in pregnant women Because animal reproduction studies are not always 
prediche of human response. ths drug should be used dunng pregnancy only if clearly needed 


ADVERSE REACTIONS 


i Mabgnant hyperthermia 

¢ Mote actnaty exemplified by movements of vanous muscle groups andor seuzures may be encountered with 
Geep levels of ETHRANE {enfiurane} anesthesia, or ight jeveis with nypocapnia 

3 Hypotension and respratory depression have been reported 

4 Arhythmuas, shivering, nausea. and vomiting have been reported 

5 Elevation of the white blood count has been observed 


OVERDOSAGE 


in ihe event of overdosage. the folowing acton should be taker 
Stop drug admunstration, estabish a clear airway and imitate assisted pr controled ventdation with pure oxygen 


DOSAGE AND ADMINISTRATION 


The concentrahon of ETHRANE fenfiuranes beng delvered from a vaponzer during anesthesia should be knows 
Ths may be accomplished by using 

aj vaponzers caliprated specifically for enflurane: 

bj vaoonzers from which delivered flows can easily and readily be calculated 

Preanesthetic Medication: Preanesthetc medication should be selected according ta the need of the individual 
patent takung into account that secrehons are weakly simulated by enfiurane and that enfisane does not alter 
heart rate The use of anhchobnergic drugs is a matter o! choice 

Surgical Anesthesia: induction may be actheved using enflurane alone with oxygen ar a combinaton with 
oxyger-nittous Oude mixtures Under these conditons some excitement may be encountered if exciternent s to 
be avowed. a hypnotic dose of a short-acting barbiturate should be used to induce unconsciousness, followed 
by the enfurane mixture in general. nspred concentrations of 2.04.5 percent enflurane produce surgical anesthesia 
7-30 mmutes 

Surgicai levels. of anesthesia may be mantaneg with 0.5-3 percent enflurane Maintenance soncentrahons 
shoud sot exceed 3 percent it added relaxation is required. supplemental doses of musce relaxants may be 
usec Ventiahon to maintain the tension of carbon dioxide in anera blood r: the 36-45 mm Hg range is prefereci 
Myperventiation should be avoided in order te minimize possible CNS excitation 

The levet of blood pressure during masntenance is an inverse function of enflurane concentration i the absence 
of othet compicatng problems Excessive decreases {unless related to hypovolerna} may be due to depth of 
anesthesia and m such instances should be carrected by lightering tne level of anesthesia 

Anaigesia: Enfiurane 0 25 to 1.0 percent prowdes analgesia for vagnal dekvery equal to that produced by 0) 
io SO percent ritrous oxide. These concentrations normaly do not produce amnesia. See aiso the intormahon an 
the effects of enflurane on uleme contraction contained in the CLINICAL PHARMACOLOGY section 

Cesarean Section: Enfiurane should ordinanty be admumstered in Ihe concentration range of 05 to 10 percent 
to supplement other general anesthencs. See also the information on the effects of enflurane on utenme contraction 
contained in the CLINICAL PHARMACOLOGY section. 


HOW SUPPLIED 


ETHRANE (enfiurane) is packaged m 125 and 250 mi amber-colored battles 


Ethrane OEE 


Uhio Medical Anesthetics 


A Division of Arco, ince 
2005 Wesi Belthne Highway. Madison. Wisconsin 53713 
608-221-1541 TELEX 910-286-2792 
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Introducing a 
new anesthetic technique: 


This new technique—pre-intubation analgesic loading— 
involves administering enough SU BLIMAZE: (fentanyl) 
prior to intubation to last generally the length of the 
procedure. Pre- intubation upfront loading ‘employs the 
pharmacokinetic properties of SU BLIMAZE' (fentanyl) to 
best advantage compared with p.r.n. use or administration 
of the drug incrementally throughout the procedure. 





For further information and ¢ gener: al g guidelines on pre- intubation analgesic loading with SUBLIMAZE (fenti inyl). 
ple: ise contact your Janssen represent: itive or write Janssen Pharm: iceutica. 
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Pre-intubation analgesic 
. loading with 


Sublimaze 


fentanyl) Injection € 


1. Provides maximum 20 


i Pharmacokinetics of a single LV. dose 
protection just prior to of 6.4 ug/kg fentanyl base in man! 


anesthetic and surgical stress n 


Upfront loading immediately before 
intubation puts the maximum amount of 
SUBLIMAZE (fentanyl) on board just 6 
prior to laryngoscopy, intubation and 
incision, the stimuli responsible for maximum 
stress. (SUBLIMAZE helps attenuate rises 

in blood pressure and pulse rate.) 


2. Eliminates 
* “chasing the patient” 


This new technique helps prevent sympathetic | 
breakthrough and all the problems that stem 
from “chasing the patient?” 
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ng/ml of Plasma 
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0.6 


3. Permits most patients 
to breathe spontaneously 
at completion of surgery * 


4. Reduces need for 


0.3 


0 l 2 i Se. 6 7 8 
Hours after injection 


Slightly depressed spontaneous respiration below 1.5 ng/ml: normal 


postoperative narcotics respiration below 0.7ng/ml. 
l reese oe eect v Ba *Note: Respiratory depression may last longer than analgesic action 
Postoperatively, residual plasma and tissue and this risk increases with increasing doses. 


A levels provide sufficient analgesia to minimize 


i sa l. McClain DA and Hug CC, Jr.: Intravenous fentanyl kinetics. Clin 
the need for additional narcotics. 


Pharmacol Ther 28(1): 106-114. 1980. 


ce 3 Please see brief summary 
Np w of Prescribing Information 
Available in easy-to-use 10 ml amnoules On next nave 


Sublimaze’ 
(fentanyl) Injection € 


Protect from light. Store at room temperature. 


Before prescribing, please consult complete prescribing information, of which the following is a brief summary 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 
DESCRIPTION 

Each ml. contains: 

ek ee ee ee E aa 
Warning: May be habit forming. 

Sodium hydroxide for adjustment of pH to 4.0-7.5. 


CONTRAINDICATIONS 
SUBLIMAZE (fentanyl) is contraindicated in patients with known intolerance to the drug. 


WARNINGS 


AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE RECEIVED SUBLIMAZE (fentanyl) SHOULD HAVE 
APPROPRIATE SURVEILLANCE. 


RESUSCITATION EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE READILY AVAILABLE TO MANAGE APNEA. 
See also discussion of narcotic antagonists in Precautions and Overdosage. 


If SUBLIMAZE (fentanyl) is administered with a tranquilizer such as INAPSINE (droperidol), the user should familiarize 
himself with the special properties of each drug, particularly the widely differing duration of action. In addition, when 
Such a combination is used, fluids and other countermeasures to manage hypotension should be available. 
As with other potent narcotics, the respiratory depressant effect of SUBLIMAZE (fentanyl) may persist longer than the 
measured analgesic effect. The total dose of all narcotic analgesics administered should be considered by the 
practitioner before ordering narcotic analgesics during recovery from anesthesia. It is recommended that narcotics, 
when required, should be used in reduced doses initially, as low as V4 to V3 those usually recommended. SUBLIMAZE 
(fentanyl) may cause muscle rigidity, particularly involving the muscles of respiration. The effect is related to the speed 
of injection and its incidence can be reduced by the use of slow intravenous injection. Once the effect occurs, it is 
managed by the use of assisted or controlled respiration and, if necessary, by a neuromuscular blocking agent 
compatible with the patient's condition Where moderate or high doses are used (above 10 mcg./kg.), there must be 
adequate facilities for postoperative observation, and ventilation if necessary, of patients who have received 
pa (fentanyl). It is essential that these facilities be fully equipped to handle all degrees of respiratory 
pression. 
Drug Dependence—SUBLIMAZE (fentany!) can produce drug dependence of the morphine type and, therefore, has 
the potential for being abused. 
Severe and unpredictable potentiation by MAO inhibitors has been reposted with narcotic analgesics. Since the safety 
of fentanyl in this regard has not been established, the use of SUBLIMAZE (fentanyl) in patients who have received MAO 
inhibitors within 14 days is not recommended. 
Head Injuries and Increased Intracranial Pressure—SUBLIMAZE (fentanyl) should be used with caution in patients 
who may be particularly susceptible to respiratory depression, such as comatose patients who may have a head injury 
or brain tumor. In addition SUBLIMAZE (fentanyl) may obscure the clinical course of patients with head injury. 
ar in Children—The safety of SUBLIMAZE (fentanyl) in children younger than two years of age has not been 
established. 


Usage in Pregnancy—The safe use of SUBLIMAZE (fentanyl) has not been established with respect to possible 
adverse effects upon fetal development. Therefore, it should be used in women of childbearing potential only when, in 
the judgment of the physician, the potential benefits outweigh the possible hazards. There are insufficient data 
regarding placental transfer and fetal effects; therefore, safety for the infant in obstetrics has not been established. 


PRECAUTIONS 

The initial dose of SUBLIMAZE (fentany!) should be appropriately reduced in elderly and debilitated patients. The effect 
of the initial dose should be considered in determining incremental doses. Nitrous oxide has been reported to produce 
cardiovascular depression when given with higher doses of fentanyl. 

Certain forms of conduction anesthesia, such as spinal anesthesia and some peridural anesthetics, can alter 
respiration by blocking intercostal nerves. Through other mechanisms SUBLIMAZE (fentanyl) can also alter respira- 
tion. Therefore, when SUBLIMAZE (fentanyl) is used to supplement these forms of anesthesia, the anesthetist should 
be familiar with the physiological alterations involved, and be prepared to manage them in the patients selected for 
these forms of anesthesia. 

When used with a tranquilizer such as INAPSINE (droperidol), blood pressure may be altered and hypotension can 
occur. 


Vital signs should be monitored routinely. 

SUBLIMAZE (fentanyl) should be used with caution in patients with chronic obstructive pulmonary disease, patients 
with decreased respiratory reserve, and others with potentially compromised respiration. In such patients, narcotics 
may additionally decrease respiratory drive and increase airway resistance. During anesthesia, this can be managed by 
assisted or controlled respiration. Respiratory depression caused by narcotic analgesics can be reversed by narcotic 
antagonists. Appropriate surveillance should be niaintained because the duration of respiratory depression of duses of 
fentanyl employed during anesthesia may be longer than the duration of the narcotic antagonist action. Consult 
individual prescribing information (levaliorphan, nalorphine and naloxone) before employing narcotic antagonists. 
When a tranquilizer such as /NAPSINE (droperidol) is used with SUBLIMAZE (fentanyl) pulmonary arterial pressure 
may be decreased. This fact should be considered by those who conduct diagnostic and surgical procedures where 
interpretation of pulmonary arterial pressure measurements might determine final management of the patient. When 
high dose or anesthetic dosages of SUBLIMAZE (fentanyl) are employed, even relatively small dosages of diazepam 
may Cause Cardiovascular depression. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and general anesthetics) will have additive or 
potentiating effects with SUBLIMAZE (fentany!). When patients have received such drugs, the dose of SUBLIMAZE 
(fentanyl) required will be less than usual. Likewise, following the administration of SUBLIMAZE (fentany!), the dose of 
other CNS depressant drugs should be reduced. 

SUBLIMAZE (fentanyl) should be administered with caution to patients with liver and kidney dysfunction because of the 
importance of these organs in the metabolism and excretion of drugs. 

SUBLIMAZE (fentanyl) may produce bradycardia, which may be treated with atropine; however, SUBLIMAZE (fentany!) 
should be used with caution in patients with cardiac bradyarrhythmias 

When SUBLIMAZE (fentanyl) is used with a tranquilizer such as INAPSINE (droperidol) hypotension can occur. If this 
occurs, the possibility of hypovolemia should also be considered and managed with appropriate parenteral fluid 
therapy. Repositioning the patient to improve venous return to the heart should be considered when operative 
conditions permit. Care should be exercised in moving and positioning of patients because of the possibility of 
orthostatic hypotension. If volume expansion with fluids plus other countermeasures do not correct hypotension, the 
administration of pressor agents other than epinephrine should be considered. Because of the alpha-adrenergic 
blocking action of INAPSINE (droperidol), epinephrine may paradoxically decrease the blood pressure in patients 
treated with INAPSINE (droperidol). 

When INAPSINE (droperidol) is used with SUBLIMAZE (fentanyl) and the EEG is used for postoperative monitoring, it 
may be found that the EEG pattern returns to normal slowly. 


ADVERSE REACTIONS 

As with other narcotic analgesics, the most common serious adverse reactions reported to occur with SUBLIMAZE 
(fentanyl) are respiratory depression, apnea, muscular rigidity, and bradycardia; if these remain untreated, respiratory 
arrest, circulatory depression or cardiac arrest could occur. Other adverse reactions that have been reported are 
hypotension, dizziness, blurred vision, nausea, emesis, laryngospasm, and diaphoresis. 

It has been reported that.secondary rebound respiratory depression may occasionally occur postoperatively. Patients 
should be monitored for this possibility and appropriate countermeasures taken as necessary. 

When a tranquilizer such as INAPSINE (droperidol) is used with SUBLIMAZE (fentanyl), the following adverse reactions 
can occur: chills and/or shivering, restlessness, and postoperative hallucinatory episodes (sometimes associated with 
transient periods of mental depression); extrapyramidal symptoms (dystonia, akathisia, and oculogyric crisis) have 
been observed up to 24 hours postoperatively. When they occur, extrapyramidal symptoms can usually be controlled 
with anti-parkinson agents. Postoperative drowsiness is also frequently reported following the use of INAPSINE 
(droperidol). 


......90 meg. (0.05 mg.) as the citrate 





Elevated blood pressure, with and without pre-existing hypertension, has been reported following administration of 
SUBLIMAZE (fentanyl) combined with NAPSINE (droperidol). This might be due to unexplained alterations in 
sympathetic activity following large doses; however, it is also frequently attributed to anesthetic and surgical 
Stimulation during light anesthesia. 


DOSAGE AND ADMINISTRATION OE di: sib 


Dosage should be individualized. Some of the factors to be considered in determining the dose are age, body weight, 
physical status, underlying pathological condition, use of other drugs, type of anesthesia to be used, and the surgical 
procedure involved. 

Vital signs should be monitored routinely. 


|.  Premedication—Premedication (to be appropriately modified in the elderly, debilitated, and those who have 
received other depressant drugs)—50 to 100 mcg. (0.05 to 0.1 mg.)(1 to 2 mi.) may be administered 
intramuscularly 30 to 60 minutes prior to surgery. 

ll. Adjunct to General Anesthesia—See Dosage Range Chart 


Ill. Adjunct to Regional Anesthesia—50 to 100 mcg. (0.05 to 0.1 mg.)(1 to 2 mi.) may be administered 
intramuscularly or slowly intravenously, over one to two minutes, when additional analgesia is required. 

IV Postoperatively (recovery room)—50 to 100 mcg. (0.05 to 0.1 mg.)(1 to 2 ml.) may be administered 
intramuscularly for the control of pain, tachypnea and emergence delirium. The dose may be repeated in one to 
two hours as needed. 

Usual Children's Dosage: For induction and maintenance in children 2 to 12 years of age, a reduced dose as low as 20 

to 30 mcg. (0.02 to 0.03 mg.)(0.4 to 0.6 ml.) per 20 to 25 pounds is recommended. 


DOSAGE RANGE CHART 


TOTAL DOSAGE 
Low dose—2 mcg./kg. (.002 mg./kg.) (.04 ml./kg.) SUBLIMAZE® injection. Fentanyl in small doses is most 
useful for minor, but painful, surgical procedures. In addition to the analgesia during surgery, fentanyl may also 
provide some pain relief in the immediate postoperative period. Maintenance: Additional dosages of 
SUBLIMAZE™* injection are infrequently needed in these minor procedures. 

Moderate dose—2-20 mcg./kg. (.002-.02 mg. /kg.)(.04-0.4 mi./kg.) SUBLIMAZE* injection. Where sur- 
gery becomes more major, a larger dose is required. With this dose, in addition to adequate analgesia, one 
would expect to see some abolition of the stress response. However, respiratory depression will be such that 
artificial ventilation during anesthesia is necessary, and careful observation of ventilation postoperatively is 
essential. Maintenance: 25 to 100 mcg. (0.025 to 0.1 mg.)(0.5 to 2.0 ml.) may be administered intravenously 
Or intramuscularly when movement and/or changes in vital signs indicate surgical stress or lightening of 
analgesia. 

High dose—20-50 mcg./kg. (.02-.05 mg./kg.)(0.4-1 ml./kg.) SUBLIMAZE™® injection. During open heart 
surgery and certain more complicated neurosurgical and orthopedic procedures where surgery is more 
prolonged, and in the opinion of the anesthesiologist, the stress response to surgery would be detrimental to 
the well being of the patient, dosages of 20-50 mcg. /kg. (.02-.05 mg.)(0.4-1 ml.) of SUBLIMAZE® injection 
with nitrous oxide oxygen have been shown to attenuate the stress response as defined by increased levels of 
circulating growth hormone, catecholamine, ADH, and prolactin. 

When dosages in this range have been used during surgery, postoperative ventilation and observation are 
essential due to extended postoperative respiratory depression. 

The main objective of this technique would be to produce “stress free” anesthesia. Maintenance: Maintenance 
dosage (ranging from 25 meg. (.025 mg.)(0.5 ml.) to one half the initial loading dose) will be dictated by the 
changes in vital signs which indicate stress and lightening of analgesia. However, the additional dosage 
selected must be individualized especially if the anticipated remaining operative time is short. 


As a General Anesthetic 

When attenuation of the responses to surgical stress is especially important, doses of 50 to 100 mcg. /kg. (.05 to 0.1 
mg./kg.)(1 to 2 ml./kg.) may be administered with oxygen and a muscle relaxant. This technique has been reported to 
provide anesthesia without the use of additional anesthetic agents. In certain cases, doses up to 150 mcg./kg. (.15 
mg./kg.)(3 ml./kg.) may be necessary to produce this anesthetic effect. It has been used for open heart surgery and 
certain other major surgical procedures in patients for whom protection of the myocardium from excess oxygen 
demand is particularly indicated, and for certain complicated neurological and orthopedic procedures. 

As noted above, it is essential that qualified personne! and adequate facilities be available for the management of 
respiratory depression. 

See Warnings and Precautions for use of SUBLIMAZE (fentanyl) with other CNS depressants, and in patients with 
altered response. 


OVERDOSAGE 

Manifestations: The manifestations of SUBLIMAZE (fentany!) overdosage are an extension of its pharmacologic 
actions 

Treatment: In the presence of hypoventilation or apnea, oxygen should be administered and respiration should be 
assisted or controlled as indicated. A patent airway must be maintained; and oropharyngeal airway or endotracheal 
tube might be indicated. If depressed respiration is associated with muscular rigidity, an intravenous neuromuscular 
blocking agent might be required to facilitate assisted or controlled respiration. The patient should be carefully 
observed for 24 hours; body warmth and adequate fluid intake should be maintained. If hypotension occurs and is 
severe or persists, the possibility of hypovolemia should be considered and managed with appropriate parenteral fluid 
therapy. A specific narcotic antagonist such as nalorphine, levallorphan, or naloxone should be available for use as 
indicated to manage respiratory depression. This does not preciude the use of more immediate countermeasures. The 
duration of respiratory depression following overdosage of fentanyl may be longer than the duration of narcotic 
antagonist action. Consult the package insert of the individual narcotic antagonists for details about use 


HOW SUPPLIED 
2 mi. and 5 ml. ampoules—packages of 10 
NDC 50458-030-02 NDC 50458-030-05 


























March, 1980. Revised June, 1980. January. 1981 
U.S. Patent No. 3, 164 600 


10 mi. and 20 ml. ampoules—packages of 5. 

NDC 50458-030-10 NDC 50458-030-20 

(For intravenous use by hospital personne! 
specifically trained in the use of narcotic analgesics) 
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The firstef a new generatien 
of Critical Care Monitors. 
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eaturing the Displays functions 
axtraordinary and asks questions 
nteractive Display to help you set 
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CHANNEL 1 


HEATER POWER 


Tells you immediately 
what parameter is 
exceeded during an 
alarm condition. 


LIMITS 
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CRITIKON | Transcutaneous Gas Monitor 8010 
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only the beginning. 
The new Critikon Transcu- 
taneous Monitor is the first 
of a series of technologi- 
cally advanced critical care 
monitors with features 
such as the Interactive 
Display Panel that pro- 
vides simplified operation 
through 2-way communi- 
cation between you and 
the monitor. 


The Monitor that 


monitors itself. 
Simply enter the limits you 
want for PO: and heater 
power. The Critikon Moni- 
tor, using a microcomputer, 
will maintain a constant 
watch and sound an alarm 


CHANNEL 2 


HEATER POWER 
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It will also constantly moni- 
tor sensor temperature, 
time since last calibration, 
and more. The appropriate 
values will be displayed at 
your command. 


Guides you through 
every step for easy, 
accurate setup and 


calibration. 

Ask, and the Critikon 
Monitor will display a step- 
by-step procedure. No 
need to memorize setup 
or calibration procedures. 


Remote Sensor Unit 
maximizes bedside 


space. 

When space is at a pre- 
mium, the Critikon Monitor 
may be put in a more con- 
venient place—up to 12 ft. 
from the patient while the 
small, detachable Remote 
Sensor Unit remains at 
bedside. It keeps the con- 
trol at your fingertips. 


Multiple monitoring 
capability. 

The Critikon Transcutane- 
ous Monitor is currently 
available in two models: 
Model 8000 — Monitors 
tcPO: in a single patient. 
Model 8010 — Monitors 
tcPO: at two sites or on two 
patients at the same time. 


Microcomputer 


A lets you keep pace 
| with advancing 

F technology. 

! 1 With the Critikon keyboard 


access system, changes in 
the software program can 
be made efficiently. For 


ad LA i (Uy C aiU 
tion can be added to your 
Critikon tcPO:2 Monitor 
with ease when available 
after FDA approval. 


To get the complete story and a 
demonstration of this unique 
new product, write to the 
Marketing Communications 
Dept. of Critikon, Inc. at the 
address below. Or, better yet, 
phone toll-free 


800-237-7541 


(FL: 800-282-9151). 


Please see next page for 
brief summary. 


~ CRITIKON | 


The Critical Care Company 


1410 N. Westshore Blvd. 
Tampa, FL 33607 
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BRIEF SUMMARY: 
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Critikon 
Transcutaneous 
Gas Monitor 


Indications: 
Intended for use in transcutaneous 
blood gas monitoring. 


Contraindications: 

This device is not designed, sold, 
or intended for use except as 
indicated. 


Limitations to patient selection: 
Patients exhibiting severe edema 
or dermatitis may be inappropriate 
candidates for transcutaneous 
monitoring. Peripheral vascular 
shutdown such as that associated 
with deep shock may affect the 
displayed tcPOz readings. Trend 
data, however, may prove valuable 
in its recognition and manage- 
ment. 


Wamings: 

Exercise caution when interpret- 
ing readings of patient receiving 
gas anesthesia. Must not be 
used in presence of flammable 
anesthetics. 


Cautions: 

Do not apply sensor to previously 
used site if site exhibits effects 

of monitoring such as redness or 
inflammation. Use of external heat 
sources such as radiant heaters 
may affect sensor temperature, 
power usage, and consequently 
tcPO>2 values. Exercise caution 
when interpreting readings of 
patient exposed to external heat 
sources. Federal law restricts this 
device to sale by or on the order 
of a physician. 


CRITIKON 


The Critical Care Company 
1410 N. Westshore Blvd., Tampa, FL 33607 
800-237-7541 (FL: 800-282-9151) 
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ADDRESS CHANGE NOTICE 


International Anesthesia Research Society 


3645 Warrensville Center Road 
Cleveland, Ohio 44122 


Please change my mail address for ANESTHESIA and 


ANALGESIA, effective 


From—(Current or former address) 


Street Address 


City, State, Zip Code 


Important: Show your name and 


your Journal is now addressed. 


To—(New Address) 


Street Address 


City, State, Zip Code 


Print Your Name 


address exactly as 















PLANTING TELLIN) is 


New materials - resilient silicone and transparent 
polysulfone - provide unsurpassed resistance to 
temperature extremes, chemicals and aging. 
New masks, new swivel type mask connector, 
new snap-on couplings are also important 
improvements. 


— R A 
ve 





LAERDAL MEDICAL CORPORATION 


ONE LABRIOLA COURT, ARMONK N.Y. 10504 


in Canada Safety Supply Co. Toronto. Ont Branches Coast-to-Coast 


Easier and less expensive to clean. Use any 
common decontamination method. 

Autoclave up to 136°C (277°F), boil, pasteurize, 
ETO or cold sterilize. Again and again without 
deterioration. 

Unparalleled useful life. 
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for all age groups over 10 
for patients of 1% - 10° 
INFANT for newborn including 
premature and infants 


up to 2 years. 


AERIAL 









Manufacturers of Resusci Anne Ħ Recording Anne « Arrhythmia Anne ® Intubation Training 


Models © Adult and Infant Bag Mask Resuscitators + Emergency Aspirators 


Now, from ASTRA, 
the anesthetic of choice, in the 
only kit that gives you a choice 


Introducing the 


DUO-TRACH 


Delivers the 
laryngotracheal 
anesthetic of choice, 
Xylocaine' the original 
lidocaine HCI solution 


O The Xylocaine name is your assurance of 
quality and effectiveness. — 


Lets you choose 
the intraoral or 
transtracheal route 
of administration 


O The anatomically curved cannula 
provided, conveniently allows administra- 10 jets ATOP cannula 


i ® upward spray ensures 360° coverage 
tion via the intraoral approach. * jets evenly positioned for full 


O For transtracheal injection, simply discard — coverage of larynx and trachea 
the cannula and attach the needle of your Guide mark ` 

choice. Most needles adapt themselves e d convenient indicator for 
readily to the luer fitting. proper positioning during use 


Terminal jet 
è covers fracheo ~ 
bronchial junction 





























Asterile, disposable, 
prefilled syringe and cannula kit 
for convenient laryngotracheal 
anesthesia prior to intubation, 

: diagnosis, surgery. 










: “more drug than other kits" 
, a wams Sml lies ol p ae HCI} A% Solution 


Safety strap 


e an extra precaution 
against ore. 
cannula. 
disengagement 


Z 













you choos otes of administration 
at your discretion _ = 


fe anion ie curved to aiok. 
introduction into Jayna Pan trachea. 











| ied concentrations * 
levels comparable: Jo. 
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Xylocaine’ 


(lidocaine hydrochloride) 


4% Sterile Solution 


Before prescribing or administering, please consult complete product infor- 
mation, a summary of which follows 


CONTRAINDICATIONS: Lidocaine hydrochloride sterile solution is contraindi- 
cated in patients with a known history of hypersensitivity either to local anes- 
thetics of the amide type or to other components of the sterile solution 


PRECAUTIONS: The safety and effectiveness of lidocaine hydrochloride 
depend on proper dosage. correct technique, adequate precautions, and 
readiness for emergencies. Standard textbooks should be consulted for spe- 
cific techniques and precautions for various anesthetic procedures 


The lowest dosage that results in effective anesthesia should be used. Injec- 
tion of repeated doses of lidocaine hydrochloride may cause significant 
increases in blood levels with each repeated dose due to slow accumula- 
tion of the drug or its metabolites. Tolerance varies with the status of the 
patient. Debilitated. elderly patients, acutely ill patients. and children 
should be given reduced doses commensurate with their age and physical 
status. Lidocaine hydrochloride should also be used with caution in patients 
with severe shock or heart block 


As with all injections of local anesthetics, retrobulbar injection should always 
be made slowly and with frequent aspirations 


Solutions to which a vasoconstrictor has been added should be used with 
caution in the presence of diseases which may adversely affect the patient's 
cardiovascular system. Serious cardiac arrhythmias may occur if prepara- 
tions containing a vasoconstrictor are employed in patients during or 
following the administration of chloroform, halothane, cyclopropane, trich- 
lorethylene. or other related agents 


Lidocaine hydrochloride should be used with caution in persons with known 
drug sensitivities. Patients allergic to para-aminobenzoic acid derivatives 
aksak tetracaine, benzocaine, etc.) have not shown cross sensitivity to 
idocaine HCI 


Local anesthetics react with certain metals and cause the release of their 
respective ions which. if injected, may cause severe local irritation. Ade- 
quate precaution should be taken to avoid this type of interaction 


The safety of amide local anesthetics in patients with malignant hyperther- 
mia has not been assessed, and therefore, those agents should be used with 
caution in such patients 


Drowsiness following lidocaine hydrochloride injection is usually an early indi- 
cation of a high blood level of the drug and may occur following inadver- 
tent intravascular administration or rapid absorption of lidocaine 


ADVERSE REACTIONS: Adverse reactions may result from high plasma levels 
due to excessive dosage, rapid absorption or inadvertent intravascular 
injection. Such reactions are systemic in nature and involve the central ner- 
vous system and/or the cardiovascular system. A small number of reactions 
may result from hypersensitivity, idiosyncrasy or diminished tolerance on the 
part of the patient 


CNS reactions are excitatory and/or depressant. and may be characterized 
by nervousness, dizziness. blurred vision and tremors, followed by drowsiness, 
convulsions, unconsciousness and possibly respiratory arrest. The excitatory 
reactions may be very brief or may not occur at all, in which case the first 
manifestations of toxicity may be drowsiness, merging into unconsciousness 
and respiratory arrest 


Toxic cardiovascular reactions to local anesthetics are usually depressant in 
nature and are characterized by hypotension, myocardial depression, bra- 
dycardia and possibly cardiac arrest 


Treatment of a patient with toxic manifestations consists of assuring and 
maintaining a patent airway. supporting ventilation with oxygen, and 
assisted or Controlled ventilation (respiration) as required. This usually will be 
sufficient in the management of most reactions. Should a convulsion persist 
despite ventilation therapy, small increments of anticonvulsive agents may 
be given intravenously Examples of such agents include benzodiazepine 
(eg. ASPO ultrashort acting barbiturates (e.g., thiopental or thiamy- 
lal) or a short acting barbiturate (€.g., pentobarbital or secobarbital). Car- 
diovascular depression may require circulatory assistance with intravenous 
er and/or vasopressors (€.g., ephedrine) as dictated by the clinical situa- 
ion 
Allergic reactions may occur as a result of sensitivity either to local anesthet- 
ics of to other components of the sterile solution. Anaphylactoid type symp- 
tomatology and reactions. characterized by cutaneous lesions, urticaria, 
edema, should be managed by conventional means. The detection of 
potential sensitivity by skin testing is of limited value 


HOW SUPPLIED: Xylocaine (lidocaine hydrochloride) 4% Sterile Solution: 
5 mi ampule. package of 10; 5 mi prefilled sterile disposable syringe 


ANTRA 


Astra Pharmaceutical Products, Inc. 
Worcester, Massachusetts 01606 
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L.A.R.S. 1982 


REVIEW COURSE 
LECTURES 


Booklet containing 14 Review 
Course Lectures given at the 56th 
Congress in March 1982 is 
available from I.A.R.S. Cleveland 
business office at $5.00 per copy. 
Supply is limited and orders will 
be filled on basis of receipt date of 
order. Send check payable to 
“International Anesthesia Research 
Society.” 


LARS: 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Enclosed is check for $———— for 
copy(ies) of “1982 Review 
Course Lectures” to be sent to: 





(Name) 





(Mail Address) 





(City, State, Zip) 
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= Provides prompt 
tranquilization 


E Inhibits emesis during 
and after surgery SE URN nice 


> Inapsine* | p; on, azepam| Hydroxy- 
= Contributes to a npn Sean | ane 
cardiovascular stability Class of Fey pres vi 
tranquilizer Inor Minor Inor 
Unique among premedicants, 


x INAPSINE* (droperidol) provides 
vasodilation and mild alpha-adrenergic 
blocking effects which can help protect | 
against undue hypertensive reactions and | AiPha-adrenergic 


) No 
changes in heart rate. a S May be used both} ypg |YesaM| ye | no 
Troublesome hypotension is unlikely in the — | IMand IV preferred) 9 
absence of hypovolemia. Has little or no Less pain on 


adverse effect on the heart or circulation. TE 
= Reduces the need for 
postoperative narcotics | 
Please see brief summary of Prescribing Information/on next page. 
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Same syringe 
compatibility 
with atropine, 
scopolamine 
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I 
Inapsine’ (droperidol) Injection Ik 


Before prescribing please consult complete prescribing information. of 


which the following is a brief summary. 


DESCRIPTION: 
2 mi. and 5 mb ampoules 
Each mi. contains: 


Drope o ona ide Beles eee eer i raat aE euay acer ine 
Lactic acid for pH adjustment to 3.4 £ 04 
I0 mi. vials 
Each ml. contains: 
Droperidol eera rater e aaea RS Rea en ee NE 


With L8 mg. methylparaben and 0.2 mg. propylparaben, and lactic acid fo 
pH adjustment to 3.4 + 04. 

Protect from light. Store at room temperature, 

FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 

Droperidol is a neuroleptic (tranquilizer) agent. 


INDICATIONS: INAPSINE (droperidol) ts indicated: 

to produce tranquilization and to reduce the incidence of nausea and 
vomiting in surgical and diagnostic procedures: 

for premedication, induction, and as an adjunct in the maintenance of 
general and regional anesthesia: 

in neuroleptanalgesia in which INAPSINE (droperidol) is given concur- 
rently with a narcotic analgesic, such as SUBLIMAZE® (fentanyl) injection, 
to aid in producing tranquility and decreasing anxiety and pain, 


CONTRAINDICATIONS: INAPSINE (droperidol) is contraindicated in 
patients with known intolerance to the drug. 


WARNINGS: FLUIDS AND OTHER COUNTERMEASURES TO 
MANAGE HYPOTENSION SHOULD BE READILY AVAILABLE. As 
with other CNS depressant drugs, patients who have received INAPSINE 
(droperidol) should have appropriate surveillance. 

if INAPSINE (droperidol) is administered with a narcotic analgesic such as 
SUBLIMAZE (fentanyl), the user should familiarize himself with the special 
properties of each drug, particularly the widely differing durations ofaction. 
In addition, when such a combination is used, resuscitative equipment and a 
narcotic antagonist should be readily available to manage apnea. See 
package insert for fentanyl before using. Narcotic analgesics such as 
SUBLIMAZE (fentanyl) may cause muscle rigidity, particularly involving 
the muscles of respiration. This effect is related to the speed of injection. Its 
incidence can be reduced by the use of slow intravenous injection, Once this 
effect occurs, it is managed by the use of assisted or controlled respiration 
and, if necessary, by a neuromuscular blocking agent compatible with the 
patients condition. 

The respiratory depressant effect of narcotics persists longer than their 
measured analgesic effect. When used with INAPSINE (droperidol). the 
total dose of all narcotic analgesics administered should be considered by 
the practitioner before ordering narcotic analgesics during recovery from 
anesthesia. h is recommended that narcotics, when required, be used 
initially in reduced doses as low as '4 to "s those usually recommended. 


PRECAUTIONS: The initial dose of INAPSINE (droperidol) should be 
appropriately reduced in elderly, debilitated and other poor-risk patients. 
The effect of the initial dose should be considered in determining incremen- 
tal doses. Certain forms of conduction anesthesia. such as spinal anesthesia 
and some peridural anesthetics, can cause peripheral vasodilatation and 
hypotension because of sympathetic blockade, Through other mechanisms 
INAPSINE (droperidol) can also alter circulation. Therefore. when INAP- 
SINE (droperidol) is used to supplement these forms of anesthesia. the 
anesthetist should be familiar with the physiological alterations involved, 
and be prepared to manage them in the patients selected for this form of 
anesthesia. 

If hypotension occurs, the possibility of hypovolemia should be considered 
and managed with appropriate parenteral fluid therapy. Repositioning the 
patient to improve venous return to the heart should also be considered when 
operative conditions permit. It should be noted that in spinal and peridural 
anesthesia, tilting the patient into a head down position may result in a 
higher level of anesthesia than is desirable, as well as impair venous return to 
the heart. Care should be exercised in moving and positioning of patients 
because of the possibility of orthostatic hypotension. If volume expansion 
with fluids plus other countermeasures do not correct the hypotension, then 
the administration of pressor agents other than epinephrine should be 
considered. Epinephrine may paradoxically decrease the blood pressure in 
patients treated with INAPSINE (droperidol) due to the alpha-adrenergic 
blocking action of droperidol. 

Since INAPSINE (droperidol) may decrease pulmonary arterial pressure, 
this fact should be considered by those who conduct diagnostic or surgical 
procedures where interpretation of pulmonary arterial pressure measure- 
ments might determine final management of the patient. Vital signs should 
be monitored routinely. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and 
general anesthetics) have additive or potentiating effects with INAPSINE 
(droperidol). When patients have received such drugs, the dose of INAP- 
SINE (droperidol) required will be less than usual. Likewise, following the 
administration of INAPSINE (droperidol), the dose of other CNS depres- 
sant drugs should be reduced. 
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INAPSINE (droperidol) should be administered with caution to patients 
with liver and kidney dysfunction because of the importance of these organs 
inthe metabolism and excretion of drugs. 

When the EEG is used for postoperative monitoring. it may be found that the 
EEG pattern returns to normal slowly. 

Since INAPSINE (droperidol) is frequently used with the narcotic analgesic 
SUBLIMAZE (fentanyl), it should be noted that fentanyl may produce 
bradycardia., which may be treated with atropine: however, fentanyl should 
be used with caution in patients with cardiac bradyarrhythmiass 


ADVERSE REACTIONS: The most common adverse reactions reported to 
occur with INAPSINE (droperidol) are mild to moderate hypotension and 
occasionally tachycardia, bur these effects usually subside without treat- 
ment. If hypotension occurs and is severe or persists, the possibility of 
hypovolemia should be considered and managed with appropriate paren- 
teral fuid therapy. Postoperative drowsiness is also frequently reported. 
Extrapyramidal symptoms (dystonia, akathisia, and oculogyric crisis) have 
been observed following administration of INAPSINE (droperidol). Rest- 
lessness, hyperactivity, and anxiety which can be either the result of 
inadequate dosage of INAPSINE (droperidol) or a part of the symptom 
complex of akathisia may occur. When extrapyramidal symptoms occur. they 
can usually be controlled with anti-parkinson agents. 

Other adverse reactions that have been reported are dizziness, chills and/or 
shivering, laryngospasm, bronchospasm and postoperative hallucinatory 
episodes (sometimes associated with transient periods of mental depres- 
sion). 

When INAPSINE (droperidol) is used with a narcotic analgesic such as 
SUBLIMAZE (fentanyl), respiratory depression, apnea, and muscular 
rigidity can occur: if these remain untreated respiratory arrest vould oceur. 
Elevated blood pressure. with or without preexisting hypertension. has been 
reported following administration of INAPSINE (droperidol) combined 
with SUBLIMAZE (fentanyl) or other parenteral analgesics. This might be 
due to unexplained alterations in sympathetic activity following large doses: 
however. itis also frequently attributed to anesthetic or surgical sumulation 
during light anesthesia. 


DOSAGE AND ADMINISTRATION: Dosage should be individualized. 
Some of the factors to be considered in determining the dose are age. body 
weight, physical status, underlying pathological condition, use of other 
drugs, type of anesthesia to be used, and the surgical procedure involved. 
Vital signs should be monitored routinely. 

Usual Adult Dosage 

1. Premedication--(to be appropriately modified in the elderly, debilitated, 
and those who have received other depressant drugs) 2.5 to 10 mg. (I to4 
ml.) may be administered intramuscularly 30 to 60 minutes preopera- 
tively. 

Adjunct to General Anesthesia 

Induction2.5 mg. (1 ml.) per 20 to 25 pounds may be administered 
(usually intravenously) along with an analgesic and/or general anes- 
thetic. Smaller doses may be adequate. The total amount of INAPSINE 
(droperidol) administered should be titrated to obtain the desired effect 
based on the individual patients response. 

Maintenance—1.25 to 2.5 mg. (0.5 to | mi.) usually intravenously (see 
warning regarding use with concomitant narcotic analgesic medication 
and the possibility of widely differing durations of action). 

if INNOVAR® injection is administered in addition to INAPSINE 
(droperidol), the calculation of the recommended dose of INAPSINE 
(droperidol) should include the droperidol contained in the INNOVAR 
injection. See INNOVAR injection Package Insert for full prescribing 
information. 

Use Without A General Anesthetic In Diagnostic Procedures Admin- 
ister the usual LM. premedication 2.5 to 10 mg. (1 to 4 mh) 30 to 60 
minutes before the procedure, Additional 1.25 to 2.5 mg. (0.5 to I ml) 
amounts of INAPSENE (droperidel) may be administered. usually 
intravenously (see warning regarding use with concomitant narcotic 
analgesic medication and the possibility of widely differing durations of 
action). 

Note: When INAPSINE (droperidol) is used in certain procedures, such 
as bronchoscopy, appropriate topical anesthesia is still necessary. 
Adjunct to Regional Anesthesia~2.5 to 5 mg. (1 to 2 ml.) may be 
administered intramuscularly or slowly intravenously when additional 
sedation is required. 

HOW SUPPLIED: 2 mi. and 5 ml. ampoules-packages of 10; 10 ml. 
multiple-dose vials-- packages of 10. 

US. Patent No. 3,161,645 

NDC 50458-010-02; NDC 50458-010-05; NDC 50458-010-10 

March 1980. Revised June 1980 


*See full prescribing information for complete description. 
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SERVO VENTILA 


SIEMENS OLEMA 





sa 900C 


Servo Simplicity 


Servo Ventilator 900C is the latest and 
most advanced of the Servo Ventilators. It 
is designed for respiratory treatment and 
monitoring for all age groups in intensive 
care and anesthesia. 

Eight ventilation modes, electronic 
PEEP and CPAP, digital display of vital 
patient parameters, expandable scales for 
adults and infants, stepless SIMV, instant 
gas change. All parameters are easily 
interfaced for recording or data storage 

lf you are familiar with the Servo Ven- 
tilator 900 or 900B it will take only a few 
minutes to understand the new 900C 

Servo Simplicity! 


The Limitless Servo Ventilator Syste 


l Please send me information about 


O The Limitless Servo Ventilator System 
CJ Servo Ventilator 900C. 
O Contact me 


Name 





Hospital 
Address 











| 
| 
| 
| 
i Position 
| 
| 
| 
| 





SIEMENS-ELEMA 
Siemens-Elema Ventilator Systems 
1765, Commerce Drive, Elk Grove Village, 
Illinois 60007, Telephone: (312)981-4940 
For countries outside U.S.: 
Siemens-Elema AB, Ventilator Division, 
S-17195 Solna, Sweden 





> 
2 
ail 
O 
i 
== 
rf 
=< 
<{ 
= 





For an uneventful anesthesia course 


in preop, you'll appreciate the 
good sedative effect of Stadol and 
reduction in patient apprehension. 


Intraoperatively, Stadol provides 
smooth induction and emergence. 
The return to spontaneous respi- 
ration is rapid, so naloxone is 
rarely required. 


In the recovery room, dosage 
can be repeated ¢ or increased, if 
necessary, to provide full pain relief 
with little fear of causing respira- 
tory depression greater than that — 
produced by 10 mg morphine. 





(butorphanol tartrate) 


Rebound respiratory depression, 
as sometimes seen in recovery 
after fentanyl, does not occur. 
Hypotensive effects are limited. 
Nausea or vomiting is rare. 


Stadol is adaptabłe to a wide range 
of procedures, is compatible with 

your routines and is nonscheduled 
so you can keep it conveniently 


on your anesthesia cart. 


‘Note: Stadol should not be administered 
to patients who have significant recent 
narcotic experience; its narcotic 
antagonist properties may induce with- 
puran reactions unless Eon is 





for moderate to severe pain... 
the hospital-proven analgesic 
with the safety difference 


TM Bristol Laboratories 
BRISTOL Division of Bristol-Myers Company 
Syracuse, New York 13201 


Copyright © 1982, Bristol Laboratories 


Please see brief summary of prescribin 
information on adjoining page 







Stadio!’ 
IV 
(butorphanol tartrate) 


the effective analgesic with 
the safety difference 


Brief Summary of Prescribing Information 
STADOL® (butorphanol tartrate) 
For complete information, consult Official Package Circular 
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INDICATIONS AND USAGE—Stadol is recommended for the relief of moderate to severe 
pain. Stadol can also be used for preoperative or preanesthetic medication, as a 
supplement to balanced anesthesia, and for the relief of prepartum pain. 
CONTRAINDICATIONS—Stado! should not be administered to patients who have been 
shuwn to be hypersensitive to it. 
WARNINGS—Patients Physically Dependent on Narcotics: Because of its antagonist 
properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 
Due to the difficulty in assessing addiction in patients who have recently received 
substantial amounts of narcotic medication, caution should be used in the 
administration of Stadol. Detoxification of such patients prior to usage should be 
carefully considered. 
Drug Dependence: Special care should be exercised in administering Stadol to 
emotionally unstable patients and to those witha arc of drug misuse. When 
long-term therapy is contemplated, such patients should be closely supervised. 
Even though Stadol has a low physical dependence liability, care should be taken 
that individuals who may be prone to drug abuse are closely supervised. It is 
important to avoid increases in dose and frequency of injections by the patient and 
to prevent the use of the drug in anticipation of pain rather than for the relief of pain 
Head Injury and Increased Intracranial Pressure: Although there is no clinical experience 
in patients with head injury, it can be assumed that Stadol. like other potent 
analgesics, elevates cerebrospinal fluid pressure. Therefore the use of Stado! in 
cases of head injury can produce effects (e.g., miosis) which may obscure the 
clinical course of patients with head injuries. In such patients Stado! must be used 
with extreme caution and only if its use is deemed essential 
Cardiovascular Effects: Because Stadol increases the work of the heart. especially the 
pulmonary circuit, the use of this drug in acute myocardial infarction or in cardiac 
‘patients with ventricular dysfunction or coronary insufficiency should be limited to 
those who are hypersensitive to morphine sulfate or meperidine 
PRECAUTIONS—Certain Respiratory Conditions: Because Stadol causes some respiratory 
depression, it should be administered only with caution and low dosage to patients 
with respiratory depression (e.g., from other medication, uremia, or severe infec- 
tion), severely limited respiratory reserve, bronchial asthma, obstructive respiratory 
conditions, or cyanosis 
Impaired Renal or Hepatic Function: Although laboratory tests have not indicated that 
Stadol causes or increases renal or hepatic impairment, the drug should be 
administered with caution to patients with such impairment. Extensive liver disease 
may predispose to greater side effects and greater activity from the usual clinical 
dose, possibly the result of decreased metabolism of the drug by the liver 
Biliary Surgery: Clinical studies have not been done to establish the safety of Stado! 
administration to patients about to undergo surgery of the biliary tract. 
Usage as a Preoperative or Preanesthetic Medication: Slight increases in systolic blood 
pressure may occur, therefore caution should be employed when Stadol is used in 
the hypertensive patient. 
Usage in Balanced Anesthesia: The use of pancuronium in combination with Stadol may 
Cause an increase in conjunctival changes. 
Usage in Pregnancy: The safety of Stadol for use in pregnancy prior to the labor period 
has not been established; therefore, this drug should be used in pregnant patients 
only when in the judgment of the physician its use is deemed essential to tne welfare 
of the patient 
Reproduction studies have been pertormed in rats, mice and rabbits and have 
revealed no evidence of impaired fertility or harm to the fetus due to Stadol at about 
2.5 to 5 times the human dose. 
Usage in Labor and Delivery: Safety to the mother and fetus following administration of 
Stadol during labor has been established. Patients receiving Stadol during labor 
have experienced no adverse effects other than those observed with commonly used 
ri Stadol should be used with caution in women delivering premature 
infants. 
Usage in Nursing Mothers: The use of Stadol in lactating mothers who are nursing their 
infants is not recommended since it is not known whether this drug is excreted in 
human milk. Stadol has been used safely for labor pain in mothers who sub- 
sequently nursed their infants. 
Usage in Children: Safety and efficacy in children below age 18 years have not been 
established. 
ADVERSE REACTIONS—The most frequent adverse reactions in 1250 patients treated 
with Stadol are: sedation (503, 40%), nausea (82, 6%), clammy /sweating (76, 6%) 
Less frequent reactions are: headache (35, 3%). vertigo (33, 3%), floating feeling (33. 
3%), dizziness (23, 2%), lethargy (19, 2%), confusion (15, 1%), lightheadedness (12, 1%) 
Other adverse reactions which may occur (reported incidence of less than 1%) are 
CNS: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: Slowing of respiration, shallow breathing 
Dermatological: rash or hives 
Eye: diplopia or blurred vision 
OVERDOSAGE— Manifestations: Although there have been no experiences of over- 
dosage with Stadol — Clinical trials, this may occur due to accidental or 
intentional misuse as well as therapeutic use. Based on the pharmacology of Stadol. 
overdosage could produce some degree of respiratory depression and variable 
Cardiovascular and central nervous system effects 
Treatment: The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated 
constantly and appropriate supportive measures instituted, such as oxygen. intra- 
venous fluids, vasopressors and assisted or controlled respiration. 
HOW SUPPLIED—Stado! (butorphanol tartrate) Injection for I.M. or I.V. use. is available 
as follows: 

NOC 0015-5644-20—2 mg per ml, 2-ml vial 

NOC 0015-5645-20—1 mg per ml, 1-ml vial 

NOC 0015-5646-20—2 mg per ml. 1-ml vial 

NOC 0015-5646-23—2 mg per ml, 1-ml Disposable Syringe 

NDC 0015-5648-20—2 mg per ml. 10-m! multi-dose vial 
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Marcaine -c 
(bupivacaine HC! injection, USP) 


with or without epinephrine 1.200.000 


Please consult full prescribing information before prescribing. A summary follows: 
Indications. Peripheral nerve block, infiltration, sympathetic block, caudal, or epidural block 
Contraindication. Marcaine is contraindicated in patients with known hypersensitivity to it 
Warnings. RESUSCITATIVE EQUIPMENT AND DRUGS SHOULD BE READILY AVAILABLE 
WHEN ANY LOCAL ANESTHETIC IS USED. 

Usage in Pregnancy The relevance to the human is not known. Safe use in pregnant 
women other than those in labor has not been established 

Until further clinical experience is gained, paracervical block with Marcaine is not 
recommended. Fetal bradycardia frequently follows paracervical block with some amide- 
type local anesthetics and may be associated with fetal acidosis. Added risk appears to be 
present in prematurity, toxemia of pregnancy, and fetal distress 

The obstetrician is warned that severe persistent hypertension may occur after adminis- 
tration of certain oxytocic drugs, if vasopressors have already been used during labor (e.g. 
in the local anesthetic solution or to correct hypotension). 

Solutions containing a vasoconstrictor, particularly epinephrine or norepinephrine, should 
be used with extreme caution in patients receiving monoamine oxidase (MAO) inhibitors or 
antidepressants of the triptyline or imipramine types. because severe. prolonged hyperten- 
sion may result. 

Local anesthetics which contain preservatives. i.e., those supplied in multiple dose vials, 
should not be used for caudal or epidural anesthesia 

Until further experience is gained in children younger than 12 years. administration of 
Marcaine in this age group is not recommended 


Precautions. The safety and effectiveness of local anesthetics depend upon proper dosage, 
correct technique, adequate precautions, and readiness for emergencies 

The lowest dosage that gives effective anesthesia should be used in order to avoid high 
plasma levels and serious systemic side effects. Injection of repeated doses of Marcaine 
may Cause significant increase in blood levels with each additional dose. due to accumula- 
tion of the drug or its metabolites or due to slow metabolic degradation. Tolerance varies 
with the status of the patient. Debilitated, elderly patients and acutely ill patients should be 
given reduced doses commensurate with age and physical condition 

Solutions containing a vasoconstrictor should be used cautiously in areas with limited 
blood supply, in the presence of diseases that may adversely affect the patient's cardiovascular 
system, or in patients with peripheral vascular disease 

Marcaine should be used cautiously in persons with known drug allergies or sensitivities. 
particularly to the amide-type local anesthetics 

Serious dose-related cardiac arrhythmias may occur if preparations containing a 
vasoconstrictor such as epinephrine are employed in patients during or following the 
administration of chloroform, halothane, cyclopropane, trichloroethylene. or other related 
agents. In deciding whether to use these products concurrently in the same patient. the 
combined action of both agents upon the myocardium, the concentration and volume of 
vasoconstrictor used, and the time since injection. when applicable. should be taken into 
account 

Caution is advised in administration of repeat doses of Marcaine to patients with severe 
liver disease 

Use in Ophthalmic Surgery When Marcaine 0.75% is used for retrobulbar block. 
complete corneal anesthesia usually precedes onset of clinically acceptable external ocular 
muscle akinesia. Therefore. presence of akinesia rather than anesthesia alone should 
determine readiness of the patient for surgery 
Adverse Reactions. Reactions to Marcaine are characteristic of those associated with 
other amide-type local anesthetics. A major cause of adverse reactions to this group of 
drugs is excessive plasma levels, which may be due to overdosage, inadvertent intravascular 
injection, or slow metabolic degradation. 

Excessive plasma levels of the amide-type local anesthetics cause systemic reactions 
involving the central nervous system and the cardiovascular system. The centra/ nervous 
system effects are characterized by excitation or depression. The first manifestation may be 
nervousness, dizziness, blurred vision, or tremors, followed by drowsiness. convulsions. 
unconsciousness, and possibly respiratory arrest. Since excitement may be transient or 
absent, the first manifestation may be drowsiness, sometimes merging into unconsciousness 
and respiratory arrest. Other central nervous system effects may be nausea, vomiting, chills. 
constriction of the pupils, or tinnitus. The cardiovascular manifestations of excessive 
plasma levels may include depression of the myocardium, blood pressure changes (usually 
hypotension), and cardiac arrest. In obstetrics, cases of fetal bradycardia have occurred 
(see Warnings). Allergic reactions. which may be due to hypersensitivity, idiosyncrasy, or 
diminished tolerance, are characterized by cutaneous lesions (e.g.. urticaria). edema, and 
other manifestations of allergy. Detection of sensitivity by skin testing is of doubtful value 
Sensitivity to methylparaben preservatives added to multiple dose vials has been reported. 
Single dose vials without methylparaben are also available 

Reactions following epidural or caudal anesthesia also may include: high or total spinal 
block: urinary retention: fecal incontinence: loss of perineal sensation and sexual function: 
persistent analgesia, paresthesia, and paralysis of the lower extremities: headache and 
backache; and slowing of labor and increased incidence of forceps delivery 

Treatment of Reactions. Toxic effects of local anesthetics require symptomatic treat- 
ment; there is no specific cure. The physician should be prepared to maintain an airway and 
to support ventilation with oxygen and assisted or controlled respiration as required 
Supportive treatment of the cardiovascular system includes intravenous fluids and. when 
appropriate, vasopressors (preferably those that stimulate the myocardium). Convulsions 
may be controlled with oxygen and intravenous administration, in small increments, of a 
barbiturate, as follows: preferably, an ultrashort-acting barbiturate such as thiopental or 
thiamylal; if this is not available, a short-acting barbiturate |e.g., secobarbital or pentobarbital) 
or diazepam. Intravenous barbiturates or anticonvulsant agents should only be administered 
by those familiar with their use 
Composition of Solutions. 

Marcaine 0.25% — Each mi contains 2.5 mg bupivacaine with NaCl for isotonicity in water 
for injection. 

Marcaine 0.5% —Eachmi contains 5 mg bupivacaine with NaCl for isotonicity in water for 
injection 

Marcaine 0.75% — Each mi contains 7.5 mg bupivacaine with NaCl for isotonicity in water 
for injection. 

In multiple dose vials. each mi also contains 1 mg methylparaben 

In epinephrine, each mi also contains 0.0091 mg epinephrine bitartrate. 0.5 mg sodium 
bisulfite, 0.001 mi monothioglycerol, 2 mg ascorbic acid, 0.0017 mi 60% sodium lactate. 
and 0.1 mg edetate calcium disodium 


Reference: 


1 Buckley FP. Simpson BR Acute traumatic and postoperative pain management. in 
Cousins MJ. Bridenbaugh PO leds): Neural Blockade in Clinical Anesthesia and Manage 
ment of Pain Philadelphia. JB Lippincott Co . 1980 chap 25 
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Infiltrate prior to closing. 


By infiltrating soft tissues surrounding the operative site 
immediately prior to closing* you can extend the anesthetic 
effect of Marcaine" long after surgery for greater patient 
comfort and a more rapid recovery period! 
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Marcaineic 


(bupivacaine HCI injection, USP) 


with or without epinephrine 1:200,000 
*0.25% only. 


See important product information concerning warnings, adverse reactions, patient selection, and prescribing and precautionary 
recommendations on adjacent page 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 
57th CONGRESS to be held MARCH 13-17, 1983 
HILTON HOTEL, NEW ORLEANS, LOUISIANA 





If you would like to submit a paper for consideration by the Program Committee, please note the deadline for receipt 
of title and 300-word abstract is August 25, 1982. 


4 For official application form, please write or call: 


E. Paul Didier, M.D., Chairman International Anesthesia Research 
Program Committee for 57th Congress Society 

c/o Department of Anesthesiology 3645 Warrensville Ctr. Rd. 

Mayo Clinic Cleveland, Ohio 44122 

200 First Street, SW ot 

Rochester, Minnesota 55901 Telephone: (216) 295-1124 


Telephone: (507) 286-8766 


Abstract applications can also be obtained from the Cleveland I.A.R.S. office. 
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SCIENTIFIC EXHIBITS: Requests for applications for scientific exhibit space should be sent to: B. B. Sankey, M.D., 
International Anesthesia Research Society, 3645 Warrensville Center Rd., Cleveland, Ohio 44122. (Please note the 

L above deadline does not apply to scientific space applications which can be accepted, on a space availability basis, up 
~ to December 31, 1982.) 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 


RESEARCH AWARD 





The International Anesthesia Research Society is pleased to announce the establishment of the 
“LA.R.S. RESEARCH AWARD”. 


Applications for up to $25,000 are invited for the initial Award, to be made in 1983, subject to the 
following basic conditions: 


.. The research proposal must be within the general field of anesthesiology. 


.. The principal investigator must be a member of the International Anesthesia Research 
Society. 


.. Preference will be given to new investigators. 


.. Applications must be received in the I.A.R.S. Cleveland office no later than December 
31, 1982. 


The Award will be announced at the Annual Meeting (57th Congress) of the International Anesthesia 
Research Society to be held in New Orleans, March 13-17, 1983. The Award will be made on July 1, 
1983. 


The official application form for the Award must be used. This form, as well as the guidelines for 
applicants, is available on request to: 


B. B. Sankey, M.D. 

Executive Secretary 

International Anesthesia Research Society 
3645 Warrensville Center Rd. 

Cleveland, Ohio 44122, U.S.A. 


Telephone: (216) 295-1124 
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The Minimum Alveolar Concentration of Nitrous 
Oxide in Man 


Thomas F. Hornbein, MD,* Edmond I. Eger II, MD,7 Peter M. Winter, MD,£ 


Graham Smith, BSc, FFARCS,§ Dana Wetstone, MD,/| and Kent H. Smith, DVM, PhD{ 





HORNBEIN, T. F., EGER, E. L, H, WINTER, P. M., SMITH, G., WETSTONE, D., AND SMITH, K. H.: The minimum alveolar 
concentration of nitrous oxide in man. Anesth Analg 1982;61:553-6. 


The potency and anesthetic state produced by nitrous oxide alone were investigated in order to clarify its contribution 
to the effect of other anesthetic agents. Seven volunteers anesthetized with 1.55 atm absolute N20 in a pressure 
chamber displayed muscle rigidity with jerking movements, labored and rapid breathing, sweating, and dilated pupils. 
At 1.1 atm absolute N20, relaxation and quiescence occurred, sweating ceased, and pupil size decreased. Determi- 
nation of MAC (using tetanic electrical impulses as the noxious stimulus) produced a mean value of 1.04 + 0.10 (SE) 


atm absolute. All subjects complained of nausea and vomiting after anesthesia. 


Key Words: ANESTHETICS, Gases: nitrous oxide; POTENCY, Anesthetics: MAC. 





HE CONCENTRATION of nitrous oxide neces- 

sary to produce anesthesia far exceeds that re- 
quired for potent inhaled agents commonly used to- 
day. Indeed, using N2O, Horace Wells failed in the 
first public attempt to demonstrate anesthesia (1). 
Although investigators later found that high concen- 
trations of N2O kept some patients immobile for 
minor procedures, such immobility may have resulted 
in part from a deficit of oxygen. However, Paul Bert 
(2) established that NeO could provide anesthesia in 
a pressure chamber without producing an associated 
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blueness of the lips. Under these conditions, surgery 
could proceed when the concentration of nitrous ox- 
ide approximated 1 atm. a 

Surgery in pressure chambers never became pop- 
ular, and the effective use of NzO today requires its 
combination with other depressants. NO seems to 
lessen substantially the requirement for concomi- 
tantly administered agents and to do so in an additive 
fashion (3-6). Extrapolating these data to greater NeO 
contributions shows that the MAC for N20 in man 
approximates 1 atm. This value agrees with Bert’s 
estimation, and with the prediction of the potency of 
N:O based on its oil/gas partition coefficient (3-12). 

A more precise determination of the potency of 
N:O when used alone would provide a clearer under- 
standing of its contribution to the effect of other 
agents. As Bert (2) noted, such studies require the use 
of hyperbaric pressures to ensure adequate oxygena- 
tion. An opportunity to measure the anesthetic po- 
tency (MAC) of N20 in man arose during studies that 
investigated its cardiorespiratory effects at high pres- 
sures. In this paper, we describe the potency and 
anesthetic state produced by N2O alone. 


Methods 


We studied seven healthy, young (21 to 35 years 
old) male volunteers, who all gave written consent. 
Any applicant who had used psychotropic drugs did 
not participate. 
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MAC OF NITROUS OXIDE IN MAN 


The subjects fasted for at least 8 hours before the 
study. Insertion of arterial, peripheral, and central 
venous cannulas permitted awake (control) measure- 
ments of cardiorespiratory variables while the sub- 
jects breathed air at ambient pressure (1 atm absolute, 
Pro, = 149) and at 1.87 atm absolute. Preparation and 
the obtaining of control measurements took 2 to 4 
hours. 

N20 (82%) provided a rapid induction of anesthesia 
at a chamber pressure of 1.87 atm absolute. An IBC 
polarographic oxygen electrode or a Beckman E2 
oxygen analyzer (placed outside the chamber) meas- 
ured Pio, (dry) at 1 atm absolute. The concomitant 
measurements obtained from both instruments 
agreed closely. When available {in four of seven 
subjects), we accepted the E2 measurement as the best 
indicator of Pro, Succinylcholine (80 mg IV) and 
topical spray of the larynx with 4% lidocaine facili- 
tated endotracheal intubation. Over the next 2% to 3 
hours, we studied the cardiorespiratory effects of N20 
(including the response to a carbon dioxide challenge) 
at partial pressures of NoO ranging from 1.1 to 1.55 
atm absolute (results to appear in a separate report). 
The determination of MAC followed these measure- 
ments. 

The noxious stimulus consisted of a tetanic electri- 
cal stimulation (100-Hz square-wave pulse of 0.1- 
msec duration at 80 to 110 V) applied for 10 seconds 
through needle electrodes placed close to the ulnar 
nerves at both wrists separately and then (in six of 
seven subjects) concomitantly. We first applied this 
stimulus at approximately 1.1 atm absolute N2O. If 
movement (of head or unstimulated extremities) did 
not occur, we decreased the nitrous oxide partial 
pressure in 0.2-atm absolute steps every 15 minutes 
until unilateral or bilateral stimulation elicited move- 
ment. If movement occurred, we increased the partial 
pressure by 0.2 atm absolute, and so forth. The proc- 
ess continued until we obtained at least three brack- 
etings (i.e., nonmovement, movement, nonmovement; 
or movement, nonmovement, movement). 

The relationship 


Pin,o = (1 — Pto,/PB) (PB — Pu,o) 


allowed calculation of the wet inspired N:O partial 
pressure for each level where Pio, = dry inspired 
oxygen partial pressure; PB = 760 times chamber 
pressure in atmospheres absolute; and Py,o = 47 torr 
(we maintained each subject’s temperature at 37°C). 
We converted the wet inspired N2O partial pressure 
to an alveolar partial pressure (approximately a 5-torr 
increase) using the alveolar gas equation and assum- 
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ing a respiratory quotient of 0.8 and a Paco, of 40 
torr. The average of the bracketing alveolar values 
thus obtained produced the MAC values for each 
subject. 


Results 


In most subjects, 1.55 atm absolute nitrous oxide 
produced rigidity of abdominal muscles and, fre- 
quently, catatonic jerking of extremities. One subject 
became opisthotonic. Tachypnea (47.4 + 2.5 breaths/ 
min) accompanied labored breathing, and sweating 
often occurred. Dilated pupils and, occasionally, open 
eyes gave an impression of wakefulness, yet no sub- 
ject responded to verbal commands (or electrical stim- 
ulation). A few subjects exhibited cycles of this type 
of hyperactivity that alternated with moments of ap- 
parent relaxation, each cycle lasting several minutes. 

At 1.1 atm absolute N2O, all subjects relaxed, the 
spontaneous jerking movements of the limbs van- 
ished, sweating ceased, the eyes closed, and pupil size 
decreased. The tachypnea decreased (30.0 + 1.5 
breaths/min). Indeed, the subjects seemed to go to 
sleep, manifesting a state appropriate for surgery. All 
subjects complained of postanesthetic nausea and 
vomiting. 

For six subjects, we found the following individual 
MAC values: 0.78, 0.80, 0.97, 0.99, 1.29, and 1.40 atm 
absolute, mean MAC of 1.04 + 0.10 (SE) atm absolute. 
In one additional subject we assessed the effect of 
only two levels of NeO without finding a bracketing 
value for MAC. Because of the incompleteness of the 
data for this subject, we elected not to include them 
in the analysis of MAC. The lowest alveolar NeO 
value at which we tested this subject equaled 0.9 atm 
absolute (no movement). 


Discussion 


The deletion of the incomplete data for one of our 
subjects increased our value for MAC; inclusion of 
the lowest value for this subject produces a MAC of 
1.00 + 0.09 atm absolute. On the other hand, our 
value of 1.04 atm absolute may underestimate the 
true MAC for two reasons. First, the studies on MAC 
followed other studies that used higher partial pres- 
sures of NoO for several hours. Thus, the true alveolar 
partial pressure of NO may have exceeded our esti- 
mates of it because of continuing elimination of N20. 
Second, the work of Saidman and Eger (3) suggests 
that electrical stimulation may not quite provide a 
supramaximal stimulus. The somewhat wider range 
of MAC values we found (60% of the MAC value) 
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decreases partial pressure requirement for each. Report con- 


tains data sources for such pairs. Percentage of MAC that each 
agent must contribute to produce immobility (as a combination) 
in 50% of patients (j.e., 100 times partial pressure required / 
MAC} has been calculated. To obtain alveolar values for N2O 
from reported inspired values (usually obtained by measuring O2 
and assuming that N20 comprised the difference), percentage 
of concomitantly administered potent agent was subtracted and 
multiplied by 0.938 (to correct for dilution by water vapor). It 
was assumed that effects of respiratory quotient and continuing 
N20 uptake offset each other, and therefore no correction for 
these factors was made. ‘‘Isoflurane-1,2"' refers to two younger 
age groups studied by Stevens et al (6), whereas “‘isoflurane- 
3"' refers to results from patients aged 55 years or older. 
Diagonal line labeled “addition” indicates where data points 
would fall in combination of NzO with indicated potent agent 
produced simply an additive effect. 


also may indicate a less than supramaximal stimulus. 
However, the similarity of values obtained from bi- 
lateral vs unilateral stimulation imply that stimulation 
approached a supramaximal level. 

The results of several previous studies (3-6, 10) 
indirectly support the accuracy of our MAC value for 
N20. Using those results and the present data, we 
constructed an isobologram demonstrating that the 
concomitant use of N20 with other inhaled anes- 
thetics appears to produce an additive effect (Figure). 
As other studies in humans also have shown additivity 
between mixtures of two inhaled agents (7, 8), these 
results suggest that our MAC value for nitrous oxide 
reasonably approximates the true value. The MAC 
value of 1.04 atm absolute and the evidence that NeO 
simply adds to the effect of other inhaled anesthetics, 
means that 1% Ne2O equals slightly less than 1% of 
the MAC of other agents. 

Similarly, an examination of the correlation be- 
tween lipid solubility and potency supports our value. 


In middle-aged humans, MAC (in atmospheres) times 
the oil/gas partition coefficient for several inhaled 
agents equals 1.34 + 0.10 (3-12). The product of our 
value for NO MAC and an oil/gas partition coeffi- 
cient of 1.4 (11) equals 1.46. This slightly higher 
product for N2O may have resulted from the youth- 
fulness of our subjects. Younger patients have higher 
MAC values for isoflurane (6) and halothane (13). 
They also might have a higher N20 MAC than the 
middle-aged patients whose MAC values produced 
the 1.34 figure. Nevertheless, the 1.46 value for N20 
falls well within the range of values found with other 
agents. 

The consistent occurrence of postanesthetic nausea 
and vomiting may indicate that N20 provokes an 
increase in sympathetic activity, as a high incidence 
of these complications also follows anesthesia with 
other agents that do increase such activity (cyclopro- 
pane, ether, fluroxene). The dilated pupils of our 
subjects similarly suggest an increase in sympathetic 
activity. Also, the addition of nitrous oxide to an 
agent such as halothane causes serum concentrations 
of norepinephrine to increase (14). 

Seevers and Waters (15) stated that: “Were it a 
more potent gas, nitrous oxide would qualify as the 
ideal anesthetic.” And Gwathmey (16) wrote: “Ni- 
trous oxide and oxygen gas is unquestionably the 
safest anesthetic in the world; anybody studying the 
subject clinically and theoretically knows that.” Our 
work may suggest another view. At 1.5 MAC, NeO 
produced rigidity, jerking movements, diaphoresis, 
dilated pupils, and labored breathing and tachypnea. 
Muscle rigidity precluded endoscopy (hence the use 
of succinylcholine to facilitate endotracheal intuba- 
tion), and nausea and vomiting occurred following 
anesthesia in all cases. At anesthetizing partial pres- 
sures, N20 displayed less than “ideal” properties. We 
wonder what effect yet higher concentrations might _ 
have had: better anesthesia or greater hyperreactivity? 
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Effects of Positive End-Expiratory Pressure on Carotid 
Blood Flow during Closed-Chest Cardiopulmonary 
Resuscitation in Dogs 


Yikio Ido,* Hiroshi Goto, MD,} Mark J. Lavin, MD, John D. Robinson, MD,£ 
Joel V. Mangold, MD, Kasumi Arakawa, MD§ 


loo, Y., GoTo, H., LaviN, M. J., ROBINSON, J. D., MANGOLD, J. V., AND ARAKAWA, K.: Effects of positive end-expiratory 
pressure on carotid blood flow during closed-chest cardiopulmonary resuscitation. Anesth Analg 1982;61:557-—60. 


The effect of continuous increases in intrathoracic pressure by positive end-expiratory pressure (PEEP) on common 
carotid artery blood flow (CCABF) and arterial blood gas tensions and pH during standard closed-chest cardiopul- 
monary resuscitation was studied in dogs. CCABF was measured at various levels of PEEP by means of the bubble 
flowmeter in hypervolemic, normovolemic, and hypovolemic dogs. PEEP was increased and then decreased in 5-cm 
HO increments with the highest level being 20 cm H20. Arterial blood samples were obtained approximately 15 
minutes before ventricular fibrillation was induced with a transthoracic electric shock during zero end-expiratory 
pressure during increases in PEEP to 20 cm H20, and again during decreases to zero end-expiratory pressure. 
CCABF increased stepwise with increasing levels of PEEP in hypervolemic dogs, whereas it decreased stepwise with 
increasing levels of PEEP in hypovolemic dogs. In normovolemic dogs, CCABF increased only when the PEEP was 5 
cm H20. Severe metabolic acidosis developed in both hypovolemic and normovolemic dogs at the end of 18 minutes 
of cardiopulmonary resuscitation. It is speculated that PEEP can either increase CCABF by increasing intrathoracic 
pressure during chest compression or decrease the CCABF by decreasing venous return during chest compressions, 
depending on the circulating blood volume. Data suggest that even low levels of PEEP are contraindicated in 
hypovolemia. Although changes in cerebral perfusion caused by PEEP were not investigated, it is suggested that 


some degree of PEEP may be beneficial! in the hypervolemic state during cardiopulmonary resuscitation. 


Key Words: VENTILATION: continuous positive pressure; positive end-expiratory pressure. 


FTER Kouwenhoven et al (1) first introduced 

external cardiac massage, it was generally as- 
sumed that blood flow during cardiopulmonary re- 
suscitation (CPR) results from direct compression of 
the heart between the sternum and vertebral column. 
In 1980, Rudikoff and colleagues (2) postulated a new 
theory, the so-called thoracic pump mechanism. Ac- 
cording to this theory, fluctuations of intrathoracic 
pressure are more responsible for forward blood flow 
during CPR than direct cardiac compression. This 
may explain several clinical situations, such as cough 
CPR (3) or successful CPR in emphysematous patients 
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in whom direct cardiac compression may be ineffec- 
tive because of a markedly increased anteroposterior 
chest diameter. Chandra and colleagues (4) introduced 
a new concept of CPR based on their observation that 
carotid blood flow was augmented by the increase in 
intrathoracic pressure that occurred with simultane- 
ous ventilation and chest compression. We were in- 
terested in investigating the effect in dogs of contin- 
uous increase in intrathoracic pressure achieved by 
various levels of positive end-expiratory pressure 
(PEEP) on common carotid artery blood flow (CCABF) 
and arterial blood gas tensions and pH during stan- 
dard CPR. 


Methods 


Eighteen mongrel dogs, weighing 18 to 24 kg each, 
were anesthetized with intravenous sodium pentobar- 
bital (25 mg/kg of body weight). Following tracheal 
intubation, the dogs were paralyzed with 0.1 mg/kg 
of pancuronium bromide and mechanically ventilated 
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by an Ohio anesthesia ventrilator with 100% oxygen 
using a tidal volume of 15 ml/kg. The respiratory rate 
was adjusted to achieve the arterial carbon dioxide 
tensions desired. Anesthesia was maintained with 
intermittent intravenous administration of ketamine 
hydrochloride. The left femoral artery was cannulated 
to monitor arterial blood pressure and obtain blood 
samples. Central venous pressure was monitored via 
a catheter inserted into the thoracic vena cava through 


the femoral vein and its proper position confirmed by | 


observing fluctuation of pressure during intermittent 
positive-pressure ventilation. All pressure measure- 
ments, including airway pressure, were continuously 
monitored and recorded with a Hewlett-Packard 7758 
eight-channel recording system and 1290-A quartz 
transducers, along with lead II electrocardiogram 
(ECG) recording. Rectal temperature was monitored 
with a Yellow Springs thermometer and was held at 
37 + 1°C. 

The right common carotid artery was exposed and 
a shunt was placed (after administration of 4 mg/kg 
of heparin) to measure carotid blood flow by the 
bubble flowmeter method (5). An electromagnetic 
flowmeter was not used as it had proven to be overly 
sensitive to mechanical motion, resulting in artifacts 
during CPR (6). 

Before induced ventricular fibrillation, acid-base 
balance was rechecked and corrected to within normal 
limits by adjustment of respiratory rate and by ad- 
ministration of sodium bicarbonate. Dogs were di- 
vided into three groups: (a) normovolemic [central 
venous pressure (CVP) 5 to 10 cm H2O], (b) hyper- 
volemic (CVP > 15 cm H2Q), and (c) hypovolemic 
(CVP < 2 cm H20). The CVP of the normovolemic 
group was adjusted by crystalloid infusion as needed. 
Hypervolemia was produced by the transfusion of 20 
to 25 ml/kg of blood as well as by crystalloid infusion. 
The dogs with low CVP readings served as the hy- 
povolemic group and their CVPs were further de- 
creased by 15 ml/kg of phlebotomy. When the CVP 
reached the desired level, ventricular fibrillation was 
induced with a 2-second 110-Volt ac transthoracic 
electric shock. Circulatory arrest was allowed to per- 
sist for 1 minute before standard closed-chest CPR 
was instituted. External chest compression was per- 
formed with the chest Thumper mechanical resusci- 
tator (Michigan Instruments, Inc., Grand Rapids, MI) 
at the rate of 68 compressions per minute. After every 
fifth chest compression without a pause, the ventilator 
was triggered manually with a tidal volume of 15 ml/ 
kg. After 2 minutes of standard closed-chest CPR at 
zero end-expiratory pressure (ZEEP}, PEEP was pro- 
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duced by directing exhalation through a column of 
water. PEEP was increased stepwise by 5 to 20 cm 
HzO and decreased stepwise to ZEEP for a period of 
2 minutes for each degree of PEEP. CCABF was 
measured twice, if possible, and averaged for each 
level of PEEP and ZEEP. Arterial blood was sampled 
for measurement of gas tensions and pH during the 
first and last ZEEP and when PEEP was 20 cm H:O. 
All values of CCABF were compared with the control 
value during initial ZEEP and were analyzed by Stu- 
dent’s t-test with p < 0.05 being regarded as statisti- 
cally significant. 


Results 


Mean CCABF at first ZEEP was 7.5 + 1.2 (SE) ml/ 
min, 23.4 + 2.8 ml/min, and 4.0 + 1.1 ml/min for 
normovolemic, hypervolemic, and hypovolemic dogs, 
respectively. Changes in CCABF associated with PEEP 
are shown in the Figure. The mean values of CCABF 
during the first ZEEP, which were used as a control, 
were normalized to a dimensionless 100 to make 
comparison easier among the three groups. In nor- 
movolemic dogs, CCABF decreased with increasing 
PEEP after a significant increase at the initial 5 cm 
H:O PEEP. CCABF increased stepwise with increasing 
PEEP in hypervolemic dogs, reaching 164% of control 
values at 20 cm H:O PEEP and returning at the last 
ZEEP to less than the base line value (94%). In con- 
trast, CCABF in hypovolemic dogs was decreased 
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FiguRE. Common carotid arterial blood flow (CCABF) during 
cardiopulmonary resuscitation (CPR) at various levels of positive 
end-expiratory pressure (PEEP) in hypervolemic, normovolemic, 
and hypovolemic dogs. Mean contro! values of CCABF at first 
zero PEEP are normalized to a dimensionless 100; their stan- 
dard errors are omitted here. 
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stepwise by PEEP, with the lowest (37%) CCABF 
obtained when PEEP was 15 cm H20; CCABF was 
only 62% of control values when the PEEP was sub- 
sequently decreased to ZEEP. 

Blood gas tensions and acid-base changes in nor- 
movolemic, hypervolemic, and hypovolemic dogs, re- 
spectively, are summarized in Tables 1 to 3. Pao, 
decreased significantly from preventricular fibrilla- 
tion levels during the first ZEEP in all three groups. 
During CPR, Pao, did not decrease further but instead 
increased toward the preventricular fibrillation Pao, 
values at 20 cm H2O PEEP, particularly in hypervo- 
lemic dogs. All three groups of dogs were significantly 
hyperventilated during CPR. There was progressive 
development of metabolic acidosis in normovolemic 
and hypovolemic dogs in the course of 18 minutes of 
CPR. Hypervolemic dogs developed significant alka- 
losis at 20 cm HO PEEP and the last ZEEP. 


Discussion 


It is well known that PEEP can improve blood 
oxygenation, but at the same time it may decrease 
cardiac output because of the reduction in venous 
return (7). According to the new concepts of CPR, 
increasing generalized intrathoracic pressure in- 
creases forward blood flow. Therefore, the increased 
intrathoracic pressure caused by PEEP during CPR 
may have two discrepant effects on forward blood 
flow: (a) decreasing forward blood flow by decreasing 
venous return between compressions, and (b) increas- 
ing forward blood flow by increased driving pressure 
during chest compression. 

We applied each level of PEEP for a period of only 
2 minutes as Hodgkin et al (8) did in their study. In 
addition, in our study PEEP was increased and then 
decreased stepwise over 18 minutes of CPR. Thus, it 





TABLE 1 
Normovolemic Group (n = 6)* 
Pre-VF First ZEEP 20 cm H20 PEEP Last ZEEP 
pH 7.39 + 0.01 7.40 + 0.02 7.43 + 0.05 7.34 + 0.03 
Pao, (mm Hg) 428 + 42.7 299 + 44.4 303 + 46.8T 293 + 29.8t 
Paco, (mm Hg) 39 + 0.9 29 + 3.1ł 25 + 3.6+ 26 + 3.3} 
Base excess (meq/L) —1.2 + 0.7 —5.0 + 2.3 ~§.6 + 2.3 ~10.5 + 1.85 





* Values are means + SE. Abbreviations used are: Pre-VF, preventricular fibrillation; ZEEP, zero end-expiratory pressure; PEEP, 


positive end-expiratory pressure. 
+ Significant difference {p < 0.05) from Pre-VF value. 
+ Significant difference (p < 0.01) from Pre-VF value. 








TABLE 2 
Hypervolemic Group (n = 6)* 
Pre-VF First ZEEP 20 cm H20 PEEP Last ZEEP 
pH 7.40 + 0.01 7.43 + 0.03 7.57 + 0.044 7.50 + 0.04F 
Pao, (mm Hg) 401 + 81.6 281 + 64.0T 379 + 54.8 369 + 67.1 
Paco, (mm Hg) 38 + 0.5 29 + 3.7+ 18 + 2.0t 19 + 1.4} 
Base excess (meq/L) —0.8 + 0.6 —3.5 + 2.1 —1.2 £1.5 ~4.3 + 2.0 
* Values are means + SE. Abbreviations are defined in footnote to Table 1. 
+ Significant difference ( p < 0.05) from Pre-VF value. 
+ Significant difference (p < 0.01) from Pre-VF value. 
TABLE 3 
Hypovolemic Group (n = 6)* 
Pre-VF First ZEEP 20 cm H0O PEEP Last ZEEP 
pH 7.39 + 0.01 7.35 + 0.03 7.38 + 0.03 7.29 + 0.047 
Pao, (mm Hg) 320 + 56.4 241 + 28.8+ 279 + 34.5 256 + 23.8 
Paco, (mm Hg) 39 + 1.0 35 + 0.7F 24 + 2.2ł 28 + 3.2t 
Base excess (meq/L) —1.1+40.4 —4.8 + 1.0T —8.4 + 2.0f —12.8 + 2.4} 





* Values are means + SE. Abbreviations are defined in footnote to Table 1. 


+ Significant difference (p < 0.08) from Pre-VF value. 
+ Significant difference (p < 0.01) from Pre-VF value. 
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is important to acknowledge that changes of CCABF, 
blood gas tensions and acid-base balance may not 
have solely been due to a given level of PEEP, rather, 
they may have been due to the progressive effect of 
the stepwise increase and decrease in PEEP levels. 

In normovolemic dogs, stepwise increases in PEEP 
greater than 5 cm H2O caused a progressive decrease 
in carotid blood flow. This may indicate that PEEP 
greater than 5 cm HeO decreased venous return be- 
tween chest compressions and forward blood flow 
decreased during chest compression despite the fact 
that intrathoracic pressure was increased by PEEP. 

In hypervolemic dogs, it is thought that PEEP did 
not reduce the venous return significantly between 
chest compressions because of the hypervolemia. 
CCABF was thus increased stepwise at the time of 
= chest compressions by an increase in intrathoracic 
pressure with the increase in PEEP level. 

When the dogs were hypovolemic, it is speculated 
that the already reduced venous return due to the 
hypovolemia was further reduced by even low levels 
of PEEP, and therefore CCABF decreased significantly 
with increasing levels of PEEP. However, as absolute 
values were so small in this group, these statistically 
significant decreases in CCABF may not be physio- 
logically significant. Ashbaugh and colleagues (9) 
have emphasized that PEEP is contraindicated in pa- 
tients with low cardiac outputs. Our results also sug- 
gest that the application of PEEP in the hypovolemic 
state may prove deleterious during CPR. 

Hodgkin and colleagues (8), in a study using nor- 
movolemic pigs, showed that the Pao, was signifi- 
cantly improved and Paco, was significantly lower 
with the use of 20 torr PEEP during standard CPR. 
Our study also showed that dogs in all three groups 
were better oxygenated and more hyperventilated at 
20 cm H2O PEEP than they were during first and last 
ZEEP. This may have been due to an increase in the 
area of zone 1 in the lung (10) caused by the PEEP 
during CPR. 

In hypervolemic dogs, hyperventilation was more 
pronounced and oxygenation was better than in the 
other two groups of dogs when PEEP was increased 
stepwise to 20 cm H:O. It is obvious that volume 
expansion in the hypervolemic group provides a bet- 
ter ventilation-perfusion balance in the face of high 
intrathoracic pressure produced by 20 cm H2O PEEP. 
Thus, the postulation by Harris and colleagues (11) 
seems to be important: volume expansion is indicated 
during external cardiac compression, even in normo- 
volemic subjects, provided there is no pulmonary 
edema. 
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In hypovolemic and normovolemic dogs, severe 
metabolic acidosis developed over 18 minutes of CPR 
despite adequate oxygenation, indicating inadequate 
peripheral perfusion. On the other hand, there was 
only a mild metabolic acidosis in hypervolemic dogs, 
most likely because of better forward blood flow than 
in the other two groups. 

In summary, PEEP has two discrepant effects on 
forward blood flow during standard CPR: decreasing 
blood flow by decreasing venous return between chest 
compressions, and increasing blood flow by increas- 
ing the generalized intrathoracic pressure during chest 
compression. The net effect of PEEP on forward blood 
flow depends on the state of circulating blood volume. 
In hypovolemic states PEEP has deleterious effects, 
such as reducing CCABF and causing severe metabolic 
acidosis during standard CPR. PEEP increases CCABF 
in hypervolemic states, but simultaneously it may also 
increase intracranial pressure, resulting in the reduc- 
tion of cerebral perfusion pressure (12). Our study, 
however, suggests that some degree of PEEP may be 
beneficial in the hypervolemic patient during CPR. 
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Differential Sensitivity of Fast and Slow Fibers in 
Mammalian Nerve | | 
II. Margin of Safety for Nerve Transmission 
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GISSEN, A. J., Covino, B. G., AND GREGUS, J.: Differential sensitivity of fast and slow fibers in mammalian nerve. Il. 
Margin of safety for nerve transmission. Anesth Analg 1982;61:561-9. 


in a previous study it was found that concentrations of local anesthetics required to block large, fast-conducting nerve 
fibers were lower than those required to block small, slow-conducting fibers. The present study was instituted to 
evaluate the margin of safety for transmission in large versus small nerve fibers, the margin of safety being defined as 
the ratio between the magnitude of the action potential and the magnitude of the critical membrane potential. The 
effect of reducing the sodium-activating current, which reduces the magnitude of the action potential by sodium 
deficient solutions and tetrodotoxin application to the desheathed rabbit vagus nerve trunk (in vitro), was examined. 
Anode block (another method of reducing sodium current) is also discussed. in all instances, the margin of safety for 
transmission was greater in small, slow fibers than in large, fast fibers. The variations seen fn nerve response to 
tetrodotoxin application are explained by the presence of nerve fiber diffusion barriers; the large fibers show more 
diffusion protection than the small fibers. Onset, duration, and intensity of differential nerve blockade by drugs reflect 


a balance between diffusion barriers and axon membrane sensitivity. 


Key Words: ANESTHETICS, Local: differential sensitivity; NERVE: conduction. 


ECENT STUDIES (1) have shown that fast-con- 

ducting nerve fibers, i.e., large-diameter fibers, 
are blocked consistently at lower concentrations of 
local anesthetic agents than are slow-conducting nerve 
fibers, i.e., small-diameter fibers. This observation 
appears contradictory to the usual statement in the 
literature. Standard textbooks repeatedly state that 
small fibers are more sensitive to blockade by local 
anesthetic drugs than are large nerve fibers (2-4). In 
an attempt to investigate these findings further and 
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possibly to provide a physiologic explanation, an 
evaluation of the margin of safety of nerve transmis- 
sion in fast- and slow-conducting fibers is reported in 
these studies. 

The margin of safety of transmission (also known 
as safety factor, safety reserve, resistance to transmis- 
sion block, etc,) has been defined (5) as the ratio of 
the total action current of the nerve fiber to the 
minimum current needed for threshold depolarization 
(Fig 1). This level of minimum current is usually 
termed the critical membrane current, or threshold, 
necessary for nerve activation. The currents described 
also can be expressed as the potential difference 
across the nerve membrane (the transmembrane po- 
tential). If the transmembrane action potential/thresh- 
old potential ratio is less than 1.0, a propagated action 
potential (AP) will not follow nerve stimulation. If the 
ratio exceeds 1.0, an adequate nerve stimulation will 
produce complete membrane depolarization and 
nerve conduction will take place. For the largest my- 
elinated fiber in the amphibian sciatic nerve trunk, a 
4- to 7-fold safety factor has been estimated (5), It has 
been difficult to determine the safety factor of small 
nerve fibers because of technical problems, and only 
estimates have been possible. Paintal (6) has estimated 
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FIG 1. Evoked-action potential (AP) in single vagus nerve fiber 
recorded as transmembrane potential versus time. A, Total 
potential change during AP measured from resting potential 
level; B, total potential change from resting potential to threshold 
potential necessary to activate membrane. Critical potential is 
the transmembrane potential at level of this threshold potential. 
Cross-hatched area under AP curve represents time of major 
flow of inward sodium-activating current. 


that the smallest myelinated fiber has a safety factor 
of 20. Condouris et al (7), using a computer simulation 
of nerve transmission, arrived at the unexpected con- 
clusion that their model of myelinated nerve was 
actually more susceptible to conduction block than 
the model for unmyelinated nerve. However, there 
are no reports estimating the safety margin of trans- 
mission in unmyelinated nerve fibers. The compound 
action potential (AP) represents the summation of the 
electrical activity of many single fibers in the nerve 
trunk. Experimental maneuvers that decrease individ- 
ual fiber safety factor should be apparent as a decrease 
in the resultant AP amplitude. The type of fibers 
represented by a specific AP from a nerve trunk can 
be identified by appropriate conduction velocity 
measurements: a conduction velocity of 25 to 50 m/ 
sec is believed to represent large myelinated A fibers, 
a velocity of 5 to 15 m/sec small myelinated B fibers, 
and speeds of 1.0 m/sec or less small nonmyelinated 
C fibers. Critical to this argument is the fact that the 
conduction speed of nerve fiber groups is proportion- 
ately slowed by methods decreasing sodium current. 
Only indirect evidence is available for this. Cold 
uniformly and proportionally slows fast- and slow- 
conducting fibers over a range from 7 to 40°C (8). 
Recent experiments with lidocaine in our laboratories 
support the same belief. 

The rising phase of the AP in the single nerve fiber 
represents the period of maximum flow of sodium 
ions into the interior of the nerve fiber (9). Reduction 
of the inward sodium current by whatever means will 
reduce the magnitude of the individual fiber AP (and 
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also the total combined AP). The degree to which this 
inward sodium current can be decreased before con- 
duction block should be-a measure of the margin of 
safety of transmission in the nerve fiber. There are 
various means of decreasing the sodium-activating 
current, such as anode block, sodium deficient solu- 
tions, and application of tetrodotoxin (TTX) to nerve. 
Anodal block increases the positive charge on the 
outside of the nerve membrane and makes it more 
difficult for local currents to depolarize the membrane 
to the critical potential level required for AP propa- 
gation. Sodium-deficient solutions will directly re- 
duce the number of sodium ions traversing the so- 
dium channel following membrane activation and 
prevent depolarization reaching the critical membrane 
potential level following activation. Tetrodotoxin in- 
hibits sodium conductance by blocking the external 
opening of the sodium channel (10). This report dis- 
cusses the experimental results achieved using so- 
dium-deficient solutions and TTX as a means of 
evaluating the safety margin of transmission in nerve 
fibers of various conduction velocities. We also dis- 
cuss the results reported with anode block. 


Methods 


Rabbit vagus or sciatic nerve trunks were rapidly 
removed from adult albino rabbits killed by air em- 
bolus. The excised nerves were stored until use in 
Liley solution, at 22°C, and stirred constantly by O2 
aeration. Standard Liley solution (NaCl 136.8 mm, 
KCl 5.0 mm, CaCle 2.0 mm, MgCl 1.0 mm, dextrose 
11.0 mm) was buffered by the addition of 4-(2-hy- 
droxyethyl)-1-piperazineethanesulfonic acid (Hepes) 
2.53 mM and pH adjusted to 7.4 by the addition of 0.1 
n NaOH. 

The nerve trunk was desheathed in its central por- 
tion to expose at least 10 mm of bare nerve. The nerve 
chamber in which the nerve was then placed has three 
chambers: the two lateral wells for recording and 
stimulation and the middle well for perfusing with 
the drug under examination. Electrodes of 0.38 mm 
bare platinum were used for stimulation and record- 
ing; the cathodal stimulation electrode was always the 
one closest to the central well. The lateral wells were 
isolated from the central chamber by petroleum jelly 
seals and the entire assembly could be made airtight 
by a screw-on cover, Complete details regarding the 
nerve chamber have been presented previously (1). 

Experiments were carried out at room temperature 
(22°C), using a stimulus frequency of 0.016 Hz and 
stimulus intensity adjusted to provide a maximum AP 
on the viewing oscilloscope. Stimulus duration was 
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adjusted by means of separate Grass $-48 stimulators 
to 0.05 msec for A fibers, 0.1 msec for B fibers, and 
1.0 msec for C fibers. Conduction velocities of 25 to 
50 m/sec were defined as larger myelinated A fibers; 
5 to 15 m/sec were defined as B fibers, and 1.0 m/sec 
or less were C fibers. 

Liley solution for perfusion and drug solvation was 
prepared fresh each day from a 10X stock solution. 
The sodium-deficient solution was prepared by sub- 
stituting an appropriate quantity of choline chloride 
(mole per mole) for sodium chloride. KOH, instead 
of NaOH, was used to adjust the buffer to 7.4 in this 
solution. One milligram of TTX (Astra Pharmaceuti- 
cal Products, Inc.) was dissolved in 100 ml of triple 
distilled water and aliquots of 20 ml were rapidly 
frozen and stored. The aliquot for 1 day’s use was 
thawed, dissolved in Liley solution to achieve the 
proper concentration, and discarded at the end of the 
day’s experiment. 

The recording electrodes were soldered to coaxial 
cables. The methodology for recording the AP of fast- 
and slow-conducting fibers has been previously de- 
scribed (1). The evoked nerve signal recorded on 
surface electrodes was then fed into a differential 
preamplifier (Tektronix AM502) by capacitive cou- 
pling. Preamplification was usually set at 500X gain. 
The output signal from the preamplification was then 
fed into the oscilloscope’s differential amplifiers (Tek- 
tronix 5113 storage oscilloscope-5A22N differential 
amplifiers). AP measurements were made from pola- 
roid photographs of the face of the storage oscillo- 
scope. 

In each experiment, a control period of 30 minutes 
before the experiment began assured AP stability. 
After 30 minutes of drug exposure, the amplitude of 
the resultant AP was compared with that of the control 
values. A wash period then returned the nerve re- 
sponse to at least 95% of control values. Responses of 
less than 5% or more than 95% of control values were 
discarded, as the critical value sought was the 50% 
point of dose-response (ED59) and the adjacent linear 
portion of the dose-response curve. Repeated obser- 
vations during the last part of the test period assured 
reasonable equilibration of nerve response to the test 
drug. (Equilibration had been reached if change of 
10% or less in the AP recording occurred in the last 
10 minutes.) 

Results were plotted as dose-response curves with 
AP amplitude presented as percentage block (control 
value equal to zero) versus logarithm of drug concen- 
tration. Percentage of AP block was convertéd to 
probit values, and EDso and standard error of the 


estimate (SEE,} were derived by a graphic method 
(11). SEE, is equivalent to 1 SD. Probit conversion 
emphasizes the EDso response point and adjacent 
linear region of the curve and may be used to compare 
different pharmacologic agents under standard con- 
ditions. By emphasizing the EDso response point and 
adjacent portions of the dose-response curve, we 
avoided the severe distortion of the sigmoid response 
curve at response extremes, which was further mini- 
mized by discarding values less than 5% or more than 
95%. 


Results 


Sodium-Deficient Solution 


As the sodium ion concentration in Liley solution 
was decreased, A fibers (25 to 50 m/sec conduction 
velocity) in the vagus nerve trunk were the first to be 
blocked. Further reduction in sodium ion concentra- 
tion blocked the B fibers, and finally the C fibers. 
EDso block for A, B, and C fibers occurred, respec- 
tively, at 44.79%, 38.29%, and 27.36% of the normal 
sodium level of 136.8 mm Na ion. The same experi- 
ment was repeated on the rabbit sciatic nerve trunk, 
whose A-alpha fibers conduct at an average of 34.90 
m/sec compared with 26.82 m/sec for the A fibers in 
the vagus trunk. The A fibers in the sciatic nerve had 
the least tolerance to reduction of the sodium ion 
concentration. EDso block occurred at 60.86% of the 
normal sodium ion level. The Table and Figs 2 and 3 
demonstrate a linear relation between EDso block and 
the sodium ion concentration in the infusate in which 
the smallest, slow-conducting nerve fibers are the 
most resistant to the conduction blocking effect of 
reduced sodium ion. 


TTX Block 


Application of tetrodotoxin at concentrations of 
0.100 to 0.010 um to isolated desheathed vagus nerve 
produced a differential block of A, B, and C fibers 
similar to that seen with the sodium-deficient solu- 
tions. Studies exposing the desheathed isolated nerve 
to TTX for 30 minutes resulted in block of AP with 
the following values: A, 47.8% + 24.1% (n = 16), B, 
38.4% + 25.9% (n = 17), and C, 37.5% + 18.5% (n = 
15); i.e., A fibers were blocked more than B fibers and 
B fibers more than C. Because it was obvious that 
equilibration of response in A and B fibers had not 
occurred in 30 minutes, studies were extended to 60 
minutes and then to more than 120 minutes. No 
change in the final relationship of A, B, and C block 
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TABLE 
Action Potential Response to Various Concentrations of Sodium lon in Perfusing Solution* 





. Sodium-deficient solutions 
Conduct velocity N 


Fiber X + Xsp Vu Yan 
Na* % at EDsot EDso* SEEx 
m/sec % mM Na % response AP 
A5 34.90 9 60.86 85.20 + 1.48 83.22 + 7.45 47.00 + 17.25 
AY? 26.82 33 44.79 62.70 + 1.55 58.93 + 9.30 63.79 + 19.11 
B 6.63 19 38.29 §3.60 + 2.73 56.48 + 9.21 36.89 + 13.19 
C 0.95 22 27.36 38.30 4 5.67 42.24 + 14.64 44.68 + 21.93 


* Response is correlated to conduction velocity of combined-action potential in nerve trunk. Sodium concentration is reduced by 
equimolar substitution of choline chloride for sodium chloride. Abbreviations used arë: EDso, drug concentration at 50% response 
(calculated); SEE x, standard error of the estimate of X; X, mean drug concentration (observed); Xsp, standard deviation of X; Y, mean 


percent response of AP (observed); Yso, standard deviation-of Y;.A°°, A fibers in sciatic nerve; A”, A fibers in vagus nerve. 


+ Normal = 136.8 mM sodium. 
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Fig 2. Plot of percent block of AP (as probits) versus sodium 
ion concentration in Liley’s solution. Sodium ion is replaced by 
choline ion. ASF (sciatic nerve), AY“ (vagus nerve), B, and C fiber 


occurred at any of these increased exposure times. 
However, it was questionable that drug nerve equili- 
bration in the A and B fibers had occurred even at 
these prolonged periods. It is interesting to note here 
that Colquhoun et al; (12) reported in one study of 
TTX that equilibration took more than 6 hours at 
concentrations less than 0.010 m. In Fig 4 we present 
one typical experiment with TTX when 0.010 um was 
applied for 180 minutes. Several features of the re- 
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— mM (log scale) 


groups are as classified in text. Eso = standard error of the 
estimate of x determined by graphic method (11). Note that 
sodium ion concentration decreases to right margin. 


sponse are notable at this TTX concentration: (a) A 
and B fibers show block at this TTX concentration, 
(0.010 uM), C fibers show no block at all; (b) slow B 
fibers block earlier than faster A fibers; (c) fast A 
fibers reach a more profound level of block with time 
than the B fibers; and (d) washing the preparation 
with perfusion fluid free of TTX seems to have no 
effect and the block of A and B fibers progresses. 
This was not due to nerve fiber deterioration. Storage 
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in TTX-free solutions for 12 hours returned nerve 
response to 85% of control values. A similar experi- 
ment with TTX at a concentration of 0.015 ym is 
presented in Fig 5. In this experiment, at a higher 
concentration of TTX, C blocked first, then B, then 
A. However, again with time, A showed a more 
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Fie 3. Log plot of sodium ion concentration at EDso point versus 
log of nerve conduction velocity. Note that sodium concentration 
decreases upward from origin. 
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Fia 4. Example of effect of tetrodotoxin (TTX) at 0.01 uM 
concentration applied to A, B, and C fibers for 180 minutes as 
measured by evoked AP. At “wash” period TTX was removed 
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profound block than B, and B a more profound block 
with C. Application of TTX at concentrations of 0.40 
um and greater caused rapid and profound block of 
all three groups of nerve fibers. 


Discussion 


Numerous investigations have already reported that 
anodal block inhibits conduction in large, fast-con- 
ducting nerve fibers while still permitting transmis- 
sion in smaller, slow-conducting nerve fibers (13-18). 
Results reported by Fukushima et al (18) plotted on 
double-log coordinates (Fig 6) demonstrate an inverse 
linear relationship between the magnitude of the 
blocking anode current and the conduction velocity 
of the nerve fiber; large fibers required a lower current 
level for blockade than small fibers. A comparison of 
this plot with Fig 3, which shows sodium ion level in 
the infusion at EDso block versus nerve conduction 
velocity, also demonstrates that the slower the con- 
duction velocity the greater the ability of the fiber to 
maintain transmission under adverse conditions. 

Results with (a) sodium-deficient solutions, (b) low 
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from perfusing solution. Note lack of change in A and B response 
at wash and continued progression of block. 
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Fig 5. Example of effect of TTX at 0.015 um concentration on A, B, and C fibers for 220 minutes as percent change in AP amplitude 


(O = no block at control level). 


concentration and long applications of TTX, and (c) 
anodal block support the thesis that the margin of 
safety for transmission is greater in small, slow-con- 
ducting fibers than in large, fast-conducting fibers. As 
conventional local anesthetics act primarily by in- 
hibiting sodium conductance, these agents should 
reduce the safety factor for nerve transmission in a 
fashion similar to the above maneuvers. Our previous 
studies shew that the conventional local anesthetics 
block fast-conducting nerve fibers before blocking 
slow-conducting fibers. Thus both sets of experiments 
could be interpreted as indicating that large, fast fibers 
have a lower safety margin for transmission than 
small, slow nerve fibers (1). These studies do not 
permit evaluation of the basic causes for the differ- 
ences in safety factor among the three types of nerve 
fibers. It would be surprising if the marked anatomic 
differences between large myelinated fibers, small 
myelinated fibers, and nonmyelinated fibers did not 
also reflect significant physiologic and pharmacologic 
differences. Exact delineation of the basic causes for 
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these pharmacologic differences will have to await 
studies using single nerve fibers from each group. 
The results with TTX are notable for their marked 
difference from those seen with the sodium-deficient 
solutions. The sodium-deficient experiments reached 
equilibration of response in 30 minutes, recovery 
followed rapidly when normal sodium solution was 
used following block, and the relative susceptibility 
of A, B, and C to fiber block by sodium deficiency 
was the same at the beginning and the end of the 
experimental period. On the other hand, the TTX 
experiments did not fully equilibrate even after 3 
hours of drug exposure; a long period of drug-free 
wash was necessary before recovery from block took 
place and, most notable, during the early stages of 
drug exposure the C fiber was blocked first, then the 
B fiber, finally the A fiber. The reverse order of fiber 
block (A, B, and then C) was apparent at the end of 
the period of drug exposure. This final relationship 
is, of course, the order of susceptibility seen with local 
anesthetic drugs and sodium-deficient solution in all 
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Fie 6. Log-log plot of blocking anode current versus conduc- 
tion velocity of myelinated nerve fibers calculated from Fuku- 
shima et ai (18). 


the previous experiments. Yet TTX is believed to have 
its only pharmacologic effect on the membrane so- 
dium ion mechanism (10). Colquhoun and Ritchie 
(11) reported equivalent and additive effects of so- 
dium-deficient solutions and TTX. However, their 
study examined only the nonmyelinated C fibers. 
Determination of correlation coefficients in our ex- 
periments for A, B, and C fibers relating TTX concen- 
tration (0.100 to 0.010 um) and nerve response (after 
30 to 120 minutes of drug exposure) reveal a poor 
relationship for A and B fibers, but a much more 
marked positive correlation (r) for C (ra = 0.031, rp 
= 0.035, rc = 0.57). Thus, additional factors may be 
involved in the block of A and B fibers by TTX as 
compared with the effect of TTX on C fibers. 


TTX is known to diffuse poorly through the cov- 
ering sheaths of nerve fibers. A review of the histology 
of various nerve fibers may help explain some of the 
apparently contradictory results with TTX. The nodes 
of Ranvier in large myelinated fibers represent the 
sites of membrane activation in saltatory conduction 
(5). The original drawings of Ranvier (20) and other 
light microscopists depict this area as devoid of any 
significant anatomical coverings and “open” to the 
surrounding tissues. The recent use of electron mi- 
croscopy and electron scanning techniques have 
shown a complex array of microstructures in this 
“intermyelin” space between the axon membrane 
surface and the outside of the nerve fiber (21). The 
adjacent layers of Schwann cell do not terminate at 
this nodal space, as usually depicted, but project 
multiple fine processes (“fingers”) termed microvilli 
into this space. The number, complexity, and depth 
of these microvilli increase as the number of myelin 
layers increases. In addition, a matrix of structureless 
ground substance has been demonstrated between the 
microvilli (22). This matrix contains a large amount 
of mucopolysaccharides which possess many molec- 
ular negative charges and act as an “ion sink” for 
substances with positive charges. 

Molecules such as TTX, which are lipid insoluble 
and exist mainly in a charged cationic form, would be 
impeded in diffusing from outside the nerve to the 
nodal nerve membrane, both by membrane barriers 
formed by the intertwining microvilli from the 
Schwann cell layers and by adsorption onto the neg- 
atively charged sites of the mucopolysacccharides. In 
addition, an unstirred layer of extracellular fluid exists 
between the innermost layer of microvilli in the nodal 
space and the axon membrane surface which is a 
further obstacle to diffusion of TTX to the sodium 
channels in the membrane. 

Let us examine the sequence of diffusion following 
the application of an appropriately high concentration 
of TTX to a mixed nerve trunk. The drug applied to 
the outside of the nerve trunk will penetrate to the 
endoneural space between the various nerve fibers. 
Because of differing depth of diffusion barriers on the 
A, B, and C nerve fibers, TTX will reach the axonal 
surface of the smallest fibers (C) first in significant 
concentration and so cause C fiber conduction block 
first. As the TTX concentration increases at the var- 
ious nodal membrane surfaces, B and, finally, A will 
show fiber blockade. The transmission blocking prop- 
erties of TTX represent a balance between the drug 
diffusion factors and the axonal membrane sensitivity 
of the nerve fibers represented by the safety margin 
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of transmission. We postulate that diffusion barriers 
are greatest in the large, fast-conducting fibers and 
least in the small, slow fibers, whereas safety margin 
of transmission is least in large fibers and greatest in 
small fibers. 

If the concentration of TTX applied is low, the 
relatively high safety margin of the nerve membrane 
in the C fibers will preclude transmission block in the 
presence of such a low TTX concentration. However, 
prolonged application of such a low TTX concentra- 
tion will ultimately diffuse through the barriers of the 
large A fibers and will eventually cause conduction 
block due to the low safety margin of A fibers (Fig 4). 

Only one molecule of TTX is required to block one 
sodium channel (23) so that concentration require- 
ments at the membrane surface are small and TTX 
shows extremely high potency and rapid onset of 
drug effect (12) in isolated single nerve fibers. Studies 
of single myelinated nerve fiber (squid, amphibian, 
and mammal) under voltage clamp techniques show 
that indeed the time of latency between drug appli- 
cation and onset of effect is short. This is to be 
expected as most of the epineurium and perineurium 
fascial layers have been removed. However, even with 
this short onset time, it is believed that drug diffusion 
rather than drug-receptor reaction time determines 
the latency of TTX, i.e., the onset of TTX effect is 
diffusion limited. 

There are other membrane-active drugs whose 
chemical characteristics simulate TTX and that also 
show limitation of free access to the nerve membrane 
in large myelinated nerve. Acetylcholine and curare 
are relatively lipid insoluble, almost completely ion- 
ized (cations) at pH 7.4, and extremely potent in small 
concentrations. Although both drugs are extremely 
effective at the neuromuscular junction, they are with- 
out effect when applied to mammalian myelinated 
nerve. Dettbarn (24) found, however, that if nerves 
were pretreated with phospholipase enzymes (A or 
D), these drugs then demonstrated an effect on the 
evoked action potential. The enzymes caused disso- 
lution of surface membranes whose main component 
was phospholipids. Even though extensive lysis had 
occurred, normal nerve function continued. It was 
also shown that TTX binding sites on the membrane 
were only minimally reduced after treatment with 
phospholipase C or D (25). Ritchie (26) subsequently 
demonstrated that, although acetylcholine had no ef- 
fect on the function of large, myelinated nerves, it 
definitely affected the action potential of nonmyeli- 
nated nerve, even without enzyme treatment. Al- 
though this was not the intent of the experiments, 


ANESTHESIA AND ANALGESIA 
Vol 61, No 7, July 1982 


568 


they show the presence of more effective drug barriers 
in myelinated than in nonmyelinated nerve. 

Further evidence for drug barriers in nerve may 
also be found in neurophysiologic studies. The Hodg- 
kin-Huxley explanation of excitable membrane func- 
tion explains the action potential as a function of 
sodium and potassium ion movements through the 
membrane (9). Post-peak AP currents, as represented 
by repolarization and after-potentials, have been as- 
cribed to potassium ion movement. After-potentials 
(and thus K* ion movement) are readily apparent in 
unmyelinated C fibers or squid axon, but not in large, 
myelinated mammalian nerve fibers. Frankenhaeuser 
and Hodgkin, studying potassium ion movements in 
the squid axon, explained the quantitative results by 
the presence of a diffusion barrier (or an unstirred 
fluid layer, or both) (27). Direct evidence for such a 
barrier has recently been reported by Chiu and Ritchie 
(28). Treatment of large nerve fibers in the rabbit 
vagus with hyperosmotic solutions and collagenase 
enzymes, resulted in the appearance of potassium 
after-potentials following nerve activation (28). It was 
felt that this treatment loosened membrane barriers 
at the axon surface. 

The theory that the matrix at the node of Ranvier 
acts as an ion sink for positive charged ions is well 
supported by work by Langley and London, reporting 
local anesthetics, dyes, and metal ions concentrating 
in this matrix material (29-32). 

There are no reports of differential effects in var- 
ious sizes of nerve fibers from the viewpoint of drug 
diffusion limitation except for the one by Ritchie (26). 
The various reports cited above do imply, however, 
that there are significant barriers to the diffusion of 
membrane-active drugs from outside the nerve fiber 
(especially in large myelinated nerve fibers). The re- 
sults of the TTX experiments appear logical based on 
the concept of extensive diffusion barriers in large 
myelinated nerves. The balance between nerve dif- 
fusion barriers and membrane sensitivity of A, B, and 
C fibers may also explain the differential sensory/ 
motor effects of various clinically used local anes- 
thetics such as bupivacaine and etidocaine. 

These experiments indicate that a single number 
(such as embodied in C,,-minimal drug concentration) 
cannot accurately indicate local anesthetic drug po- 
tency. The safety margin of transmission for each 
group of fibers must be known. Also the drug diffu- 
sion characteristics must be known, especially lipid 
solubility and degree of ionization. It is possible in 
isolated nerve experiments, by manipulation of drug 
concentration and duration of nerve exposure, to 
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make A, or B, or C more profoundly and rapidly 
blocked than the other fibers. Evaluation of differen- 
tial nerve susceptibility to local anesthetic block can 
only be done by evaluating the effects of various drug 
concentrations and durations of exposure. We present 
such a study for etidocaine and bupivacaine in the 
succeeding paper (33). 
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Differential Sensitivity of Fast and Slow Fibers in 


Mammalian Nerve 


III. Effect of Etidocaine and Bupivacaine on 


Fast/Slow Fibers 


Aaron J. Gissen, MD,* Benjamin G. Covino, MD} and Joseph Gregust 


GISSEN, A. J., CoviNo, B. G., AND GREGuS, J.: Differential sensitivity of fast and slow fibers in mammalian nerve. Ill. 
Effect of etidocaine and bupivacaine on fast/slow fibers. Anesth Analg 1982;61:570-5. 


Etidocaine and bupivacaine are long-acting local anesthetics with contrasting effects on motor and sensory function. 
The effect of these drugs on fast-conducting (large, motor) and slow-conducting nerve fibers (small, pain) in the 
isolated rabbit vagus nerve was examined. Both drugs had an equivalent effect on slow fibers. Etidocaine had a short 
latency and bupivacaine a prolonged latency of effect on fast fibers. During this long latency of effect by bupivacaine 
on fast fibers, only the slow fibers were blocked. This period of differential effect on fast and slow fibers is believed to 
be the explanation for the early effect of bupivacaine on pain fibers followed by a later block of motor function. This 
difference is believed to be due to the lower lipid solubility and greater ionization of bupivacaine, which impedes 
diffusion across the permeability barriers present in fast-conducting A fiber. 


Key Words: ANESTHETICS, Local: bupivacaine, etidocaine; NERVE: Differential sensitivity. 


TIDOCAINE and bupivacaine are long-acting lo- 

cal anesthetic drugs with interesting and con- 
trasting clinical characteristics that may be related to 
differences in physiochemical properties (1). Bupiva- 
caine possesses a higher pKa (8.1) than etidocaine 
(7.7) and so is more ionized at physiologic pH. Bupi- 
vacaine is also less lipid soluble than etidocaine (2). 
Our previous report (3) demonstrated differences in 
the safety margin of transmission in various nerve 
fibers and indicated that fast- and slow-conducting 
fibers differ significantly in terms of diffusion barriers 
to externally applied membrane active drugs. In this 
study (3), the activity of tetrodotoxin was studied and 
its differential effect on nerve fibers was related to 
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safety margin of nerve transmission, diffusion bar- 
riers, lipid solubility, and degree of ionization of 
tetrodotoxin. In the present report, similar studies 
have been conducted with bupivacaine and etidocaine 
in an effort to explain the differential effects on 
sensory and motor functions seen following clinical 
use of these local anesthetics. 


Methods 


The method of study was the same as presented 
previously (3) except that the nerve trunk was not 
desheathed. Under microscopic dissection all adven- 
titial material was removed, leaving the nerve sheath 
intact and clean. 

Etidocaine and bupivacaine were obtained as pure 
powdered base (supplied by Astra Pharmaceutical 
Products Company), dissolved in Liley solution at the 
indicated concentration, and discarded at the end of 
the day. The nerve trunk was exposed to drug by a 
slow perfusion of oxygenated solution at 0.1 ml/min. 
Perfusion was necessary because of the long periods 
of drug exposure in some experiments (3 to 4 hours). 

Two sets of experiments were performed. Initially, 
a concentration of 8.0 mo bupivacaine and etidocaine 
(approximately 0.25% solution) was used. The rate 
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and degree of block were observed for A and C nerve 
fibers; subsequent recovery with drug-free perfusion 
was also followed for a prolonged period of obser- 
vation. In the second set of experiments, the effect of 
various concentrations of bupivacaine and etidocaine 
(0.04 to 2.00 mm) on the degree and time of block of 
A and C fibers was studied. 


Results 


At a concentration of 8.0 mm (0.25% solution) bu- 
pivacaine and etidocaine caused a 100% block of A 
fibers (conduction velocity 25 to 50 m/sc) and 80% 
block of C fibers (conduction velocity 1.0 m/sec or 
less) within 3 minutes (Fig 1). Little difference in onset 
and degree of block was noted with the use of 8.0 mm 
bupivacaine and etidocaine. 

Striking differences between etidocaine and bupi- 
vacaine were noted during the recovery phase from 
the above block during a prolonged period of perfu- 
sion with drug-free solution (Figs 2 and 3). The course 
of recovery from block of the action potential (AP) of 
C fibers is essentially the same with both etidocaine 
and bupivacaine during the 100-minute observation 
period; approximately 20% block remains after 100 
minutes of washout of C fibers in both instances. The 
half-time constant of recovery (to 63% of final value) 
for C fibers is 29 minutes following application of 
etidocaine and 27 minutes following bupivacaine. 
Note, however, that the recovery of A fiber function 
was markedly prolonged following bupivacaine ap- 
plication as compared to the recovery following ap- 
plication of etidocaine. AP of A fibers following eti- 
docaine application recovered to the level of 20% 
block (same as C fibers) in 100 minutes of wash. 
However, following bupivacaine application, recovery 
had only reached 60% by 100 minutes of washout. 
Also to be noted is the prolonged latency before 
recovery began following bupivacaine application 
with both A and C fibers; 100% block of both A and 
C persisted over 25 minutes into the washout period. 
At this concentration the differential effect of etido- 
caine and bupivacaine is not apparent (this is also 
true in the clinical situation). 

We proceeded to evaluate the effect of etidocaine 
and bupivacaine at lower concentrations than used 
above. Because of difficulty in achieving equilibration 
of A fiber response, we selected the EDso level of A 
fiber block to evaluate C fiber response as to degree 
of block and time needed to reach this point. Fifteen 
separate fiber experiments were performed at drug 
concentrations of 0.075 to 0.50 mM, approximately 
equally distributed between etidocaine and bupiva- 


100 


gop 










Za 


a 

z = 
Z 2 
ul ta} 
6 ọ 

6 ! ; 
wy 90 F = 69 
O xX 6 
z = 
X i ETIDOCAINE 9 f 
l do T 8.0 mMM d oj. f BUPIVACAINE 
Q H U ' 8.0 mM 
Q Intact O H 
ee — 
m membranes a intact 
S (a membranes 
u if 
3 T 
oc 
ù T 
a. fh 


3 MN. t 2 <s MIN. 
TIME TIME 


Fia 1. Rabbit vagus, not desheathed, at 22°C. Percent block 
of action potential (AP) amplitude following application of 8.0 
mm etidocaine or bupivacaine in four experiments. Dashed line, 
C fiber AP response; solid line, A fiber AP response. 


caine. At the EDso point of A fiber response, C fiber 
response following ‘bupivacaine was 33.4% + 8.9% 
blockade compared with 16.2% + 6.7% blockade fol- 
lowing etidocaine. Note that the clinical evaluation of 
bupivacaine and etidocaine is that bupivacaine is a 
more effective blocker of pain (possibly C fibers) 
whereas etidocaine more effectively blocks motor 
function (possibly A fibers). Bupivacaine took longer 
to reach this degree of block of A and C fibers then 
etidocaine (38.9 + 23.6 minutes versus 7.8 + 7.2 
minutes). Clinically, onset of etidocaine block (both 
motor and sensory) is more rapid than bupivacaine. 

In many of these drug studies at low concentrations 
(etidocaine and bupivacaine concentrations varied be- 
tween 0.04 to 0.30 mm) it was noted that C fiber 
showed equilibration block first. An A fiber block 
took longer to manifest itself but invariably reached 
a more profound level of equilibration block than C 
fibers. An average of 5.1 minutes was required for the 
A block to exceed the C block in the presence of 
etidocaine. In fibers exposed to bupivacaine 79.2 min- 
utes was required for this “cross-over” point. The 
apparent difference in behavior is due to the long 
latency of the A fiber response following application 
of bupivacaine. The C fiber response to etidocaine 
and bupivacaine is approximately equivalent. A com- 
posite plot based on 14 experiments showing this A 
and C fiber response to drug application is presented 
in Fig 4. 
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Fig 2. Recovery of A and C fibers following application of 8.0 
mM etidocaine for 3 minutes. Half-time constant (time for 63% 


Discussion 


The results of this study indicate that the differen- 
tial effect on peripheral nerve fibers by etidocaine and 
bupivacaine is only apparent at selected low concen- 
trations and only in the presence of significant diffu- 
sion barriers (such as an intact perineurium). De- 
sheathed vagus nerve trunk exposed to a high con- 
centration of etidocaine or bupivacaine for a limited 
time period showed no differential effect (4). More- 
over, the different response of nerve to the application 
of etidocaine and bupivacaine appears related pri- 
marily to the large fast-conducting myelinated nerve 
fibers and not to the response of the small slow- 
conducting nonmyelinated nerve fibers. From this 
viewpoint one can say that the behavior of bupiva- 
caine versus etidocaine is primarily due to the slow 
onset of effect of bupivacaine on motor fibers (fast) 
rather than a primary effect on pain fibers (slow). The 
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effect of bupivacaine and etidocaine on slow fibers 
(C fibers) is almost equivalent at both high and low 
concentrations. That is, the local anesthetic bupiva- 
caine has a time-limited pharmacologic effect on 
large, fast, myelinated A nerve fibers. It is essentially 
a slow blocker of motor function. 

The differential blocking effect of bupivacaine on 
A and C fibers has many similarities to that presented 
previously for tetrodotoxin (TTX). As suggested to 
explain the effect of TTX, A fibers have greater 
diffusion barriers than C fibers (3). Drugs with low 
lipid solubility and high ionization when applied out- 
side the nerve trunk are limited in their penetration 
to the nerve membrane of A fibers compared to the 
rate of penetration to the C fiber membrane. Com- 
parison of the results in experiments with etidocaine 
and bupivacaine at intermediate and low concentra- 
tions indicate that these drugs do reach the membrane 
of the C nerve fiber rather rapidly as is shown in Fig 
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Fie 3. Recovery of A and C fibers following application of 8.0 
mM of bupivacaine for 3 minutes. Half-time constant (time for 


4, However, bupivacaine reaches the nerve membrane 
of the A fiber more slowly than etidocaine so that the 
cross-over point takes longer with bupivacaine (Fig 
4). However, the A fiber barrier is not impenetrable. 
High concentrations of bupivacaine and etidocaine 
cause rapid block of both A and C fibers (Fig 1). 
Following this exposure to high drug concentrations, 
the diffusion barriers in the A fiber (which limit drug 
diffusion in both directions) limit drug removal dur- 
ing the washout period, and in comparison to the A 
fiber recovery following etidocaine application a slow 
recovery of A fibers is observed following bupiva- 
caine application (Figs 2 and 3). 

These differences are probably related to the phys- 
iochemical properties of the two agents. Bupivacaine 
has a pKa of 8.1, which means that 80% of the 
molecules exist in the ionized state and 20% in the 
nonionized base form at a physiologic pH of 7.4. By 


63% recovery) of C fiber = 27 minutes. Dashed line, C fiber AP 
response; solid line, A fiber AP response. 


contrast, etidocaine has a pKa of 7.7 so that only 65% 
exists in the ionized form and 35% in the unionized 
form at pH 7.4 (2). As shown by Ritchie, Ritchie, and 
Greengard (5), the unionized base form of local an- 
esthetics diffuses most rapidly across. the nerve 
sheath. The ionized moiety has difficulty penetrating 
lipid membranes. These differences in pKa and de- 
gree of ionization between bupivacaine and etidocaine 
probably explain the more rapid onset of A fiber 
block with etidocaine as A fibers have protective 
tissue barriers that severely limit drug access by the 
bupivacaine molecule to the A fiber nerve membrane. 
The lesser tissue barriers surrounding C fibers prob- 
ably explain the ease and rapidity of C fiber block 
with both bupivacaine and etidocaine. Further, the 
lipid partition coefficient of bupivacaine has been 
reported to be 30 compared to a value of 140 for 
etidocaine (2). This would further tend to favor the 
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indicated concenirations. Cross-over point (@) occurs when A 
block exceeds C block. Average time of crossover is 5.1 minutes 


faster penetration of the lipid barriers at the nodes of 
Ranvier in A fibers by etidocaine as compared to 
bupivacaine. 

Considerable differer.ces obviously exist between 
the isolated nerve in vitro and the human clinical 
situation. However, it is interesting to speculate on 
the basis for the clinical differences observed between 
bupivacaine and etidocaine shown in these in vitro 
studies. Bupivacaine is particularly useful in obstetrics 
(to block pain but still maintain muscle function). 
This differential effect is best noted in clinical situa- 
tions at low concentrations of bupivacaine, i.e., 0.125% 
to 0.25%, applied by epidural technique (to increase 
diffusion barriers). This would correspond to the long 
cross-over effect in A and C nerve fibers noted to 
follow application of low concentrations of bupiva- 
caine to the isolated nerve in these experiments (Fig 
4). A similar situation occurs in peripheral nerve 
blocks with bupivacaine, in which it is a common 
occurrence to have adequate pain block but inade- 
quate block of motor function. On the other hand, it 
is difficult to separate the sensory and motor blocking 
activity of etidocaine. In addition, etidocaine is char- 
acterized clinically by a rapid onset time, especially 
for motor blockade. This again, is similar to the in 
vitro nerve situation seen in these experiments in 
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which the time for cross-over effect between A and C 
fibers was short for etidocaine (Fig 4). 

We continue to investigate the effect of the phys- 
iochemical properties of drugs on differential block 
of the mixed peripheral nerve. In our first study (4) 
we demonstrated that small slow-conducting fibers 
(which could include unmyelinated pain sensation 
fibers) consistently required a higher concentration of 
local anesthetic drug to block transmission than large 
fast-conducting fibers. This made it seem unlikely 
that anesthetic drugs could be used to block pain 
sensation and still maintain motor function. A sub- 
sequent study (3) showed that large fast-conducting 
fibers demonstrated significantly greater drug diffu- 
sion barriers at the sites of axon membrane activity 
than did slow-conducting fibers. This was especially 
true for drugs with low lipid solubility and a high 
degree of ionization at physiologic pH. We believe 
that this would permit clinical and pharmacologic 
maneuvers that would allow block of pain sensation 
but permit motor function, at least for a period of 
time. 

The early onset of C fiber block preceding the 
delayed onset of A fiber block with bupivacaine seen 
in these experiments makes it likely that during this 
early period pain sensation is blocked while motor 
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function is still relatively intact. This delayed onset of 
A fiber block by bupivacaine compared to the rapid 
onset of A fiber block by etidocaine seen in these 
studies may be the explanation for the rapid and 
profound motor block seen in clinical situations with 
the use of etidocaine. 

The above results suggest further investigation of 
drugs with high pKa and low lipid solubility as agents 
that may be clinically useful in producing differential 
nerve block, i.e., control of pain while still maintain- 
ing adequate motor function. 
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Cesarean Section under Epidural Anesthesia 
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RAMANATHAN, S., GANDHI, S., ARISMENDY, J., CHALON, J., AND TURNDORF, H.: Oxygen transfer from mother to fetus 
during cesarean section under epidural anesthesia. Anesth Analg 1982;61:576-81 


The correlation between maternal Pao, levels and umbilical vein (UV) and umbilical artery (UA) Po, levels was studied 
in 40 healthy patients undergoing elective cesarean sections under lumbar epidural anesthesia. Patients were divided 
into four equal groups. Each group inhaled oxygen at a Fio, of 0.21, 0.47, 0.74 (in nitrogen), or 1.0. Maternal arterial 
samples and fetal UV and UA samples were collected at the time of delivery. Maternal Pao, levels increased from 96 
+ 4 (1 SE) torr during exposure to a Fio, of 0.21 to 232 + 6, 312 + 16, and 423 + 6 torr while breathing Flo, of 0.47, 
0.74 and 1.0, respectively. UV Po, levels increased from 28 + 1 to 36 + 1.5, 41 + 1.3 and 47 + 1.2 torr in the 
hyperoxic groups. UA Po, levels increased from 15 + 0.7 to 19 + 0.8, 21 + 0.3, and 25 + 1.8 torr, respectively. 
Oxygen saturation and blood O; contents increased in maternal and fetal blood. Maternal arterial, UV, and UA base 
excess values in the hyperoxic groups were significantly higher than in the normoxic groups. There was no difference 
in t- or 5-minute Apgar scores between the normoxic and hyperoxic groups. It is concluded that maternal hyperoxia 


improves fetal oxygen stores and acid-base status during cesarean section under epidural anesthesia. 


Key Words: ANESTHESIA: obstetric; ANESTHETIC TECHNIQUES: epidural. 


CONTROVERSY exists concerning the relation 
between fetal and maternal oxygen tension dur- 
ing cesarean sections performed under general anes- 
thesia. Rorke et al (1) found that fetal Po, levels 
decreased when maternal Pao, levels were greater 
than 300 torr. Other authors (2, 3) have reported that 
fetal Po, levels did not decrease but reached a plateau 
when maternal Pao, levels increased to greater than 
300 torr. Our study assesses the effect of changes in 
maternal Pao, levels ranging between 70 and 490 torr 
on fetal Po, levels during cesarean sections performed 
under epidural anesthesia. 


Methods 


Forty healthy patients (weight = 71 + 3 kg, age = 
33 + 3 years, mean + 1 SD) without obstetric com- 
plications were studied. All were scheduled for elec- 
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tive repeat cesarean sections. The protocol was ap- 
proved by the Committee on Human Experimentation 
of the New York University Medical Center. Informed 
consent was obtained from all patients. 

During the preoperative visit, all patients rehearsed 
breathing through an anesthesia face mask lightly 
attached to the face with a head strap to allay appre- 
hension associated with mask breathing. On the 
morning of surgery all patients received 1200 ml of 
Hartman’s solution intravenously. A Portex epidural 
catheter was advanced 2 cm cephalad into the epidural 
space through L3-4 interspace. Epidural anesthesia 
was induced to T-4 sensory level using 18 + 3 ml of 
bupivacaine (0.75%). Left uterine displacement was 
maintained with a sandbag wedged under the right 
hip. 

Patients were randomly assigned to one of the 
following Fio, groups: 0.21, 0.47, 0.74, or 1.0 (10 
patients per group). Oxygen was administered by 
mask immediately after the epidural injection. The 
gas mixture was delivered from an anesthesia machine 
at a fresh gas flow rate of 10 L/min through a circle 
absorber system. When Fio, levels of 0.21, 0.47, and 
0.74 were studied, the machine oxygen was diluted 
by nitrogen delivered to the common gas outlet from 
a calibrated flowmeter. The Fio, was measured within 
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the face mask by introducing the sampling line of a 
Beckman D2 paramagnetic oxygen analyzer through 
a T-piece inserted between the Y-piece of the anes- 
thesia circuit and the face mask. Maternal blood 
pressure was monitored by sphygmomanometry. A 
maternal arterial (MA) blood sample was obtained 
from the radial artery at the time of uterine incision. 
Fetal umbilical arterial (UA) and venous umbilical 
(UV) samples were collected from a loop of umbilical 
cord doubly clamped before the infant’s first breath 
(2). All blood samples were immediately analyzed for 
pH and blood gas tension on a Corning 175 automatic 
pH/blood gas analyzer (Corning Medical and Scien- 
tific Co, Medfield, MA). A manual two-point calibra- 
tion was performed before analyzing each sample. 
Electrode performance was routinely verified using a 
buffered bicarbonate solution equilibrated with 
known concentrations of oxygen and CO: (Corning 
Confirm quality control). Blood hemoglobin concen- 
tration was measured using the cyanmethemoglobin 
method. The intervals between anesthetic induction 
and delivery (ID interval) and between uterine inci- 


sion and delivery (UD interval), as well as 1- and 5- _ 


minute Apgar scores were noted. 

Fetal oxyhemoglobin saturation was calculated 
from Nelson’s equation (4) after correction of the 
oxyhemoglobin dissociation curve for H*- and COo- 
induced shifts (5). Kelman’s computer subroutine was 
used to derive maternal oxyhemoglobin saturation (5, 
6). Maternal and fetal blood oxygen content was 
calculated using Gregory’s values for oxygen capaci- 
ties of the respective hemoglobin (6, 7). Maternal and 
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Fig 1. Histograms showing umbilical vein (UV) and umbilical 
artery (UA) Po, levels at different maternal levels of Fio,. Maternal 
Pao, levels at four levels of Fio, is shown at top. Values are 
means + 1 SE {n = 10). 


fetal base excesses at 3 g hemoglobin level (BEs) were 
calculated by Severinghaus’s BE3 equation (8). The 
extracellular fluid (ECF) behaves as if it contained 2 
to 5 g of hemoglobin (an average of 3 g) throughout 
the body for a wide range of blood hemoglobin 
concentration for both adults and the newborn. The 
BEs equation that estimates ECF BE at 3 g hemoglobin 
concentration is particularly suited for infants and 
anemic subjects (8). Results were expressed as means 
+ 1 SEM. 

A combined four-group analysis of variance (AN- 
OVA) was used to identify discriminant measure- 
ments. Each statistically significant measurement 
from the normoxic group was then compared. with 
those of the hyperoxic groups by ANOVA. In addi- 
tion, all hyperoxic values were compared with each 
other. Statistical significance was assessed at values of. 
p < 0.05. Regression analysis was performed between 
levels of maternal Pao,, and UV and UA Po,. 


Results 


Discriminant Variables 


Maternal Pao, values were 96 + 4, 232 + 6, 312 + 
16, and 423 + 6 torr at maternal Fio, of 0.21, 0.47, 
0.74, and 1.0, respectively (Fig 1). The corresponding 
UV Po, values were 28 + 1, 36 + 1.5, 41 + 1.3, and 47 
+ 1.2 torr, and UA Po, values were 15 + 0.7, 19 + 0.8, 
21 + 0.3, and 25 + 1.8 torr, respectively (Fig 1). Both 
UV Po, and UA Po, values correlated closely with 
maternal Pao,: UV Po, = 0.055 X maternal Pao, + 23 
(r = 0.9); UA Po, = 0.032 X maternal Pao, + 12 (r= 
0.76) over a maternal Pao, range of 70 to 490 torr (Fig 
2). With increasing maternal Fio,, maternal oxyhe- 
moglobin saturation and total blood oxygen content 
increased significantly (Table 1). The mean fetal UV 
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Fig 2. Correlative plot between levels of maternal Pao, (ab- 
scissa) and umbilical vein and arterial Po, (ordinates). 
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TABLE 1 


Oxyhemogiobin Saturation (So, [%]) and Total Blood Oxygen Contents (CBO. [mi/100 mI] of blood} in Maternal Artery, Fetal 
Umbilical Vein, and Umbilical Artery with Different Maternal Levels of Fio," 





Maternal artery Fetal vein Fetal artery 
Maternal 
Fi 
92 So, CBO: So, CBO, So. CBO, 

0.21 97.00 + 0.38 16.90 + 0.37 65.0 + 2.7 13.16 + 0.53 26.40 + 26.40 5.25 + 0.60 
0.47 99.60 + 0.06 16.70 + 0.02 78.5 + 0.8 15.90 + 0.80 39.80 + 2.20 7.90 + 0.40 
0.74 99.80 + 0.02 16.99 + 0.05 82.8 + 1.4 16.80 + 0.28 46.35 + 1.80 9.10 + 0.30 
1.00 99.90 + 0.001 17.35 + 0.04 87.3 + 0.7 17.70 + 0.14 59.40 + 4.10 11.75 + 0.81 


* Values are means + 1 SE from 10 patients. Levels of significance are given in Table 2. 


TABLE 2 


Po, Values, Oxyhemoglobin Saturation (So, [%]), and Total Blood Oxygen Contents (CBO,) in Maternal Artery and Fetal 
Umbilical Vein and Artery at Different Levels of Maternal Fio, by Analysis of Variance* 





Matenal Fio, groups Maternal artery Fetal vein Fetal artery 
i lake Po, So, CBO, Poz So, CBO, Poz So, CBO: 
0.21 vs 0.47 3 3 3 3 3 3 3 3 2 
0.21 vs 0.74 3 3 3 3 3 3 3 3 3 
0.21 vs 1.00 3 3 3 3 3 3 3 3 3 
0.47 vs 0.74 1 3 3 2 1 1 1 1 1 
0.47 vs 1.00 3 3 3 3 3 2 3 3 3 
0.74 vs 1.00 2 3 3 3 2 3 2 2 2 





* Numbers 1, 2, and 3 represent p < 0.05, 0.01, and 0.001, respectively. 


oxyhemoglobin saturation increased from 65% to 
87.3% when maternal Fio, increased from 0.21 to 1.0 
torr. Similarly fetal UA oxyhemoglobin saturation 
increased from 26.4% to 59.4%. Total blood oxygen 
contents of both UV and UA also increased signifi- 
cantly (Table 1). In Table 2 is described the statistical 
significance of Po,, oxyhemoglobin saturation, and 
total blood ©» contents in MA, UA, and UV at all 
levels of Fio,. Base deficits in MA, UV, and UA in the 
normoxic subjects were larger than in all hyperoxic 
patients. However, it failed to differ among the hy- 
peroxic groups (Tables 3 and 4). UV and UA Peco, 
values in the normoxic groups were lower than those 
of the hyperoxic groups (which did not vary among 
themselves) (Tables 3 and 4). 


Nonsignificant Variables 


These included maternal Paco, and pH, UA and 
UV pH values, ID and UD intervals (Table 5), mean 
maternal blood pressure, and maternal, arterial and 
fetal UV and UA blood hemoglobin concentrations. 
The mean maternal hemoglobin concentration for all 
patients studied was 12.5 + 0.5 g/dl. The correspond- 
ing figures for the UV and UA bloods were 16 + 0.6 
and 15.6 + 0.6 g/dl, respectively. No baby had an 
Apgar score of less than 7 at 1 mirfute. At 5 minutes 
all babies had an Apgar score of at least 9. No patient 
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had a mean blood pressure of less than 90 torr before 
delivery of the infant. 


Discussion 


The relation between maternal and fetal Po, had 
been studied by many authors. General anesthesia 
was used in three of these studies (1-3), and epidural 
anesthesia in three others (9-11). Fox and Houle (9) 
assessed fetal Po, at a maternal Fio, of 0.21 or 1.0. The 
other two studies (10, 11) were limited to a Fio, of 1.0. 
However, in our study a wider range of MA Po, was 
obtained by increasing maternal Fio, from 0.21 to 1.0 
by approximately 0.26 increments. This enabled us to 
assess whether a critical MA Po, existed, beyond 
which fetal oxygenation was unaffected or adversely 
affected. 

Our data show that fetal and maternal Po, corre- 
lated positively with each other over a maternal Pao, 
range of 70 to 490 torr (Fig 2). The wider scatter of 
UA Po, was probably due to variation in fetal oxygen 
consumption. UV and UA Po, neither reached a pla- 
teau nor declined at a MA Po, of greater than 300 torr. 
Our data are in close agreement with those of Fox et 
al (10) and Newman et al (12). Fox et al (10), found 
that a MA Po, of 326 torr produced a UV and a UA 
Po, of 38 and 22 torr, respectively. These are close to 
our fetal values of 41 and 22.4 torr. In Fig 3 our 
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TABLE 3 


Peo, pH, and BE; Values in Different Fio, Groups in Maternal Artery, Umbilical Vein, and Umbilical Artery * 


Maternal arte Umbilical vein 
naana 


Umbilical artery 


0.21 27.60 + 1.20 |7.448 + 0.006 | —5.40 + 0.60 | 35.40 + 1.10 | 7.37 + 0.08 | —4.50 + 0.50 | 44.2 + 1.6 |7.33 + 0.09 


0.47 
0.74 


-2.64 + 0.35 
0.27 + 0.52 
0.09 + 0.91 





1.00 128.60 + 0.50]|7.460 + 0.006 | —3.20 + 0.60 |38.60 + 1.30 |7.39 + 0.01 | —1.93 + 0.44 |48.2 + 0.4 | 7.32 + 0.005/ —0.43 + 0.35 





* Values are means + 1 SE of data from 10 patients. p values are given in Table 4. 


TABLE 4 


p Values from intergroup Comparison of Means of Pco,, pH, and BE, Values from Maternal Artery and Fetal Umbilical Vein and 


‘Artery at Different Levels of Maternal Fio, 





Maternal artery 
Fico, groups compared 


Peo pH BE; 
0.21 vs 0.47 0 0 3 
0.21 vs 0.74 0 0 2 
0.21 vs 1.00 0 0 2 
0.47 vs 0.74 0 0 0 
0.47 vs 1.00 0 0 O 
0.74 vs 1.00 0 0 O 


Pca, pH BE; Peco, 


Umbilical vein Umbilical artery 


oOoooco°o 
oooces 
COooan & 


1 
1 
1 
0 
0 
0 


COO WD WwW 





* Numbers 1, 2, and 3 represent p values < 0.05, 0.01, and 0.001, respectively; zero = not significant. 


TABLE 5 


Anesthetic Induction to Delivery Time (iD) and Uterine 
Incision to Delivery Time (UD) in Four Fip, Groups* 


or nl rl het Er cei eh fr Eun 


Group iD UD 
0 ee it CS ae 
1 36 +4 64 +6 
2 35 +5 68 + 7 
3 34 43 724 11 
4 37 +5 69 +9 





* Values are means + 1 SE of data from 10 patients. There 
was no Statistical difference between any of the means. 


regression line is compared with that of Newman et 
al (12): fetal scalp Po, (torr) = 0.06 X MAPo, + 17.69 
(12). Because fetal scalp Po, is 7 to 9 torr lower than 
UV Po, (12), the two regression lines can be consid- 
ered nearly identical. At clinically seen fetal Po, val- 
ues, the fetal oxyhemoglobin dissociation curve is 
nearly vertical. Small increases in fetal Po, will, there- 
fore, significantly increase fetal oxyhemoglobin satu- 
ration and total blood oxygen content. The improved 
oxygen stores will enable the fetus to withstand un- 
expected intranatal or postnatal oxygen deprivation 
(2). 

However, our findings differ considerably from 
those of three other studies which stated that fetal 
Po, declined (1), attained a plateau (2), or correlated 
poorly with MA Po, (3) when MA Po, exceeded 300 
torr. Several factors may have been responsible for 
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Fig 3. Regression line representing relation between values of 
fetal vein Po, and maternal Pao, from our study compared with 
that reported by Newman et al (12) for correlation between 
values of maternal Pao, and fetal scalp Po,. Regression line 
slopes are nearly identical. Y-intercept in our study was higher 
because UV Po, is usually 7 to 9 torr higher than scalp Po, (12). 


the discrepancy. In these three studies, general anes- 
thesia was used. The anesthetic technique was not 
standardized for different levels of Fio,. For instance, 
Rorke et al (1) used 66% or 33% N2O with 2% diethyl 
ether for their low and high levels of Fio,, but 0.3% 
methoxyflurane when Fio, of 1.0 was studied. In 
addition, the mean ID intervals in patients who 
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breathed low and high levels of Fio, were 47.4 and 
45.9 minutes, respectively. However, when the Fio, 
was 1, it was 52.3 minutes, thus prolonging fetoma- 
ternal exposure to methoxyflurane. Marx and Mateo 
(2) used 65% Oz and 33% NeO with 1.25% fluoroxene 
for the study of medium levels of Fio,, 6.5% cyclopro- 
pane for the 93% Os group, and 2.5% fluoroxene for 
the 97% Oz group. In Baraka’s study (3), the only 
three patients in the 100% Oz group received 0.5% of 
halothane. However, patients given lower oxygen con- 
centrations received varying amounts of N20. In all 
three studies, the absence of NeO in the anesthetic 
mixture when Fio, was 1 necessitated the use of a 
potent volatile anesthetic and/or the highest concen- 
tration of that agent. Reduction in maternal and/or 
fetal cardiac output may have contributed to their 
findings. 

The number of variables in our study was mini- 
mized as follows: (a) the same local anesthetic was 
used in all patients; (b) ID and UD intervals were 
similar (Table 5); (c) all patients rehearsed mask 
breathing before the procedure to decrease apprehen- 
sion and hyperventilation; (d) even when the Fio, was 
0.21, patients breathed the gas mixture from the mask 
and not just room air; and (e) maternal cardiac output 
was optimized by prophylactic hydration and main- 
tenance of left uterine displacement throughout ID 
interval. 

Hyperoxia shifts the CO2 dissociation curve down- 


ward and decreases the ability of hemoglobin to. 


transport CO; (Haldane effect). However, the MA 
Pco, in the hyperoxic patients was not significantly 
higher than in normoxic patients: the awake state of 
our patients probably enabled them to augment min- 
ute ventilation in response to an increasing Paco, . Fox 
et al (10) also reported a similar finding in their study. 
In our study both UV and UA Poo, in the hyperoxic 
patients were higher than in normoxic patients. The 
failure of increasing fetal oxyhemoglobin saturation 
to elevate further Pco, levels of the hyperoxic fetuses 
may be due to similar blood fixed acid contents. The 
fetal BE3 values were not significantly different from 
each other in the three hyperoxic groups (Tables 3 
and 4). This might have counteracted the hyperoxia- 
induced downward shift of the CO» dissociation curve 
(10). 

Maternal hyperoxia during cesarean sections per- 
formed under epidural anesthesia has been reported 
to improve fetal acid-base status (9). In our study the 
hyperoxic fetuses were less acidotic than normoxic 
babies (Table 3). Despite the improved acid-base 
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status, the 1-minute Apgar scores were similar in all 
the babies. This may be due to the fact that Apgar 
scores are not sensitive enough to detect subtle fetal 
biochemical changes (13). The UV and UA pH values 
of all the babies in our study ranged from 7.37 to 7.39 
and 7.32 to 7.34, respectively, at the time of delivery. 
At these fetal pH levels, the 1-minute Apgar score is 
unlikely to be less than seven (14). Increased meta- 
bolic cost of (pregnancy-induced) pulmonary hyper- 
ventilation and elevated basal metabolic rate (15) 
produce some degree of maternal acidosis. Maternal 
hyperoxia seems beneficial in alleviating maternal 
acidosis, as evidenced by smaller base deficits in 
hyperoxic mothers than in normoxic subjects. 

The fetal ductus arteriosus is constricted by a high 
ductal blood Po, level both in intact animals and 
isolated tissue preparations (16, 17). The increase in 
ductal vascular smooth muscle tone is more striking 
at Po, levels in excess of 50 torr (16). Thus, there 
exists a theoretical possibility that fetal hyperoxia 
may cause premature closure of the ductus of the 
unborn fetus. However, this has not been a problem 
in clinical practice. Several authors have administered 
oxygen to mothers both during labor (12, 18, 19) and 
during cesarean sections (9-11) at Fio, levels ranging 
from 0.5 to 1. None of these authors reported any 
specific fetal problems attributable to premature duc- 
tal closure. All our hyperoxic babies had uneventful 
early neonatal and nursery courses as well. In our 
study, the highest values for fetal UV and UA Po, 
(which were 53 and 33 torr, respectively) were found 
in a patient who inhaled an Fio, of 1. The Po, of ductal 
blood is usually less than UA Po, because the ductal 
blood flow mainly consists of the fetal right ventric- 
ular output (20). Therefore, the ductal blood Po, may 
not reach (even in the hyperoxic fetuses) the critical 
level capable of inducing premature closure of the 
ductus. 
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Oxygenation in Anesthetized Man 


R. L. Knill, MD, FRCP(C),* J. L. Clement, RN, H. T. Kieraszewicz, MD,} and 
B. G. Dodgson, MDT 





KNILL, R. L., CLEMENT, J. L., KIERASZEWICZ, H. T., ANDO Dopa@son, B. G.: Assessment of two noninvasive monitors of 
arterial oxygenation in anesthetized man. Anesth Analg 1982:61:582-6. 


The Hewlett-Packard 47201A ear oximeter and the Radiometer TCM, transcutaneous oxygen monitor were evaluated 
for use as noninvasive monitors of arterial oxygenation during inhalational anesthesia in man. Thirty-four healthy adult 
volunteers were anesthetized to steady states with halothane, enflurane, or isoflurane, and were studied either before 
or during surgery. Oxygen levels were varied over ranges that included hypoxemia, by manipulating Fio,- Oximeter 
estimates of Sao, values and transcutaneous estimates of Pao, values were compared with conventional measurements 
of each. Oximeter readings responded rapidly to changes of inspired oxygen concentration and were acceptably 
accurate estimates of Sao,, except at lower Sao, levels (<80%) during anesthesia without surgery. Transcutaneous 
oxygen tension readings responded relatively slowly to changes of Fio, and were frequently inaccurate reflections of 
Pao, values. We consider this oximeter suitable as a monitor of arterial oxygenation during anesthesia, but find the 


transcutaneous electrode unsatisfactory. 


Key Words: OXYGEN: monitoring; MEASUREMENT TECHNIQUES: oxygen; MONITORING: oxygen. 





ODERATE HYPOXEMIA can be difficult to 

detect clinically in anesthetized patients (1, 2), 
especially in the absence of freshly shed blood in the 
surgical field. Methods available for monitoring ar- 
terial oxygenation continuously and noninvasively 
include ear oximetry (3) and transcutaneous measure- 
ments of oxygen tension (4). The accuracy of each has 
been evaluated in awake volunteers over ranges of 
Sao, and Pao, values that included hypoxemia (5-9), 
but in anesthetized volunteers at normal and in- 
creased Sao, and Pao, values only (10-14). Findings 
cannot be extrapolated confidently from. the awake 
state to anesthesia because anesthesia may alter the 
reliability of these techniques through its effects on 
skin perfusion, temperature, and acid-base balance. 
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We have evaluated a Hewlett-Packard 47201A ear 
oximeter and a Radiometer TCM; transcutaneous ox- 
ygen monitor as monitors of arterial oxygenation in 
healthy anesthetized patients both before and during 
surgery. Oximeter and transcutaneous Po, readings 
were compared with conventional measurements of 
Sao, and Pao, values over ranges of oxygen levels that 
included hypoxemia. 


Methods 


This study was approved by the University of 
Western Ontario Committee on Human Research and 
each subject gave written informed consent. Subjects 
were selected from healthy patients (A.S.A. class I) 
scheduled for elective orthopaedic or dental surgical 
procedures, and were divided into two groups, In 
Group I, we tested the ear oximeter; in Group II, the 
transcutaneous oxygen monitor was tested. 

Each patient was studied during a steady state of 
inhalational anesthesia, either immediately before or 
during his surgical procedure. Anesthesia was in- 
duced with intravenous thiopental (5 to 7 mg/kg) or 
with the inhaled agents to be subsequently used for 
maintenance, which were halothane, enflurane, or 
isoflurane, with or without N20 50%. Vaporizer con- 
centrations were set to achieve end-tidal concentra- 
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tions equivalent to 1.1 to 1.3 MAC, taking into ac- 
count the MAC effect of NeO (15). An intravenous 
infusion (dextrose 5% in 0.2% saline) was adminis- 
tered as necessary to keep systolic pressure at 70% (or 
greater) of awake values. Subjects breathed sponta- 
neously throughout. 

The oximeter was standardized according to the 
manufacturer’s directions. (These include having the 
oximeter measure and store for reference intensities 
of light transmitted through the ear probe gap while 
it is open and then with an analogue inserted.) The 
superior portion of the subject’s pinna was arterialized 
with a nicotinic acid containing rubefacient (Finalgon) 
and the heated oximeter probe (41.5°C) was posi- 
tioned over the antihelix. The response of the instru- 
ment was set at “N” (normal). A 5 minute period was 
allowed for stabilization. 

The transcutaneous oxygen electrode was heated to 
44°C and then calibrated in tonometers containing 
0% and 21% oxygen. The electrode assembly was 
applied to the anterior chest wall just below a clavicle, 
using the manufacturer-supplied electrode ring and 
contact gel. A period of 20 minutes was allowed for 
stabilization. After each study, the electrode was re- 
calibrated in vitro to determine the magnitude of 
sensor drift. 

We wished to vary oxygen levels during reasonably 
steady anesthetic and respiratory states. Accordingly, 
we allowed at least 30 minutes for anesthetic equili- 
bration and in studies conducted during surgery, we 
avoided periods of potent surgical stimuli. Arterial 
oxygenation was varied by manipulating the nitrogen 
concentration of inspired gas in a manner that would 
produce several levels of steady end-tidal oxygen 
concentration between 20% and 6.5%. Airway concen- 
trations of oxygen, carbon dioxide, nitrous oxide, and 
anesthetic vapor were monitored continuously with a 
calibrated Perkin-Elmer #1100 mass spectrometer. 
Outputs of the mass spectrometer, together with the 
output of the instrument being tested, were inscribed 
continuously on a multichannel recorder. 

After the oximeter or the electrode reading had 
stabilized at each end-tidal oxygen concentration (per- 
cent or torr readings + 1 for 20 seconds), a sample of 
blood was drawn from an indwelling catheter, which 
had been placed in a radial or dorsalis pedis artery, 
for subsequent blood gas analysis. The sample was 
capped and placed in ice immediately, and was ana- 
lyzed within the hour with a calibrated Radiometer 
Copenhagen BMS 3 system. Po, values were corrected 
for membrane, halothane, and memory effects. Satu- 
rations were computed with a Severinghaus blood gas 


calculator (BGC I), assuming each subject’s Ps 9 was 
26.6. torr (16). 

We compared mean oximeter and mean transcu- 
taneous Po, readings, observed during periods of 
blood sampling, to calculated Sao, and measured 
Pao, values, respectively. For each comparison, we 
computed the least-squares linear regression, the SD 
from regression and the 95% confidence limits (17). 
In addition, errors in the estimates of Sao, and Pao, 
values were determined for subdivisions of the ranges 
of values studied. 


Results 


There were 34 subjects, 19 men and 15 women, 
whose ages heights and weights (mean + SD) were, 
respectively, 30 + 9 years, 171 + 9 cm, and 71 + 15 
kg. Clinical characteristics of each group are shown 
in Table 1. Within each group, approximately half the 
subjects received halothane, the remainder either en- 
flurane or isoflurane. Two to eight arterial oxygen 
levels were studied in each subject. 

The in vivo response of the oximeter to changes in 
inspired oxygen was always rapid and in the appro- 
priate direction. Giving 100% oxygen to hypoxemic 
subjects caused oximeter readings, after a delay of 
approximately 5 seconds, to increase exponentially to 
a new steady level with a mean time constant of 6.6 
+ 0.7 (SD) seconds. 

At normal levels of arterial saturation 6ao,, 90%+), 








TABLE 1 
Clinical Variables * 
Group Il 
Group | transcutane- 
ear oximeter ous oxygen 
monitor 
No. of patients 
Anesthesia 7 7 
Anesthesia and surgery 7 13 
Hemoglobin (g%)t 14.741.3 15.2+1.5 
Temperature (°C)T+ 36.0 + 0.3 36.3 0.5 
Systolic blood pressure (torr) 
Anesthesia 101 +10 102 +7 
Anesthesia and surgery 116412 116411 
pH 
Anesthesia 7.30 + 0.03 7.30 + 0.04 
Anesthesia and surgery 7.33 + 0.05 7.33 + 0.05 
Paco, (torr) 
Anesthesia 50+8 51+6 
Anesthesia and Surgery 43 +7 44+9 





* Values are means + SD. 

t Hemoglobin and temperature values are similar for both 
anesthesia and anesthesia and surgery groups. 

+ Nasopharyngeal temperature. 
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steady oximeter readings agreed closely with calcu- 
lated values of Sao,; during hypoxemia Gao,, 70% to 
89%), readings tended to overestimate Sao, values 
slightly (Table 2; Fig 1, y = 0.83x + 15.6, n = 94, r 
= 0.95, SD from regression = 2.5). Readings were 
more accurate during anesthesia with surgery ( y = 
0.91x + 8.9, n = 52, r= 0.97, SD from regression = 
1.8) than during anesthesia alone ( y = 0.77x + 22.6, 
n = 42, r= 0.93, SD from regression = 3.1) ( p value 
for difference between slopes <0.05). 

The in vivo response of the transcutaneous elec- 
trode to a step change in Fio, values was extremely 
variable and relatively slow. Readings occasionally 
took as long as 15 minutes to stabilize completely. 

Stable transcutaneous Po, values varied consider- 
ably at all levels of Pao, (Table 3; Fig 2, y=0.73x + 
14.4, n = 44, r = 0.68, SD from regression = 19.7). 
There were two errors in detecting the direction of 
small (<8 torr) Pao, changes—transcutaneous Po, val- 


TABLE 2 
Accuracy of Ear Oximeter 


Errors in estimate of Sao,* 


Range of Sao No. of ob- 
° Servaons Mean + SD Maximum 
% 
90+ 46 —0.2 + 1.7 —4.0 
80-89 32 1.1 + 2.5 +6.0 
70-79 16 3.3 + 2.7 +9.5 


* Oximeter measurements (%) less calculated Sao, (%). 


100 





n=94 
r =:95 


95 slope = -83 


OXIMETER READING 
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Fig 1. Comparison of oximeter readings and calculated Sao, 
values. Heavy continuous line is line of regression. Lighter 
continuous lines represent 95% confidence limits. Dashed line 
is line of identity. 
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TABLE 3 
Accuracy of Transcutaneous Oxygen Monitor 


Errors.in estimate of Pao,* 


Range of Pao TOVO Pe 
servations Mean + SD Maximum 
torr 
100+ 12 —22 + 16 —46 
70-99 20 —3 + 16 a 
40-69 12 -3 +14 eee 


* Transcutaneous Po, (torr) less Pao, (torr). 






n= 44 
120 r=-68 
Slope =-73 
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tc PO» (torr) 
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D 
O 


M 
O 


100 
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Paos (torr ) 


Fig 2. Comparison of transcutaneous Po, and Pao, values 
Heavy continuous line is line of regression. Lighter continuous 
lines represent 95% confidence limits. Dashed line is line o 
identity. 


ues increased when Pao, values decreased—both dur. 
ing enflurane anesthesia. There was no detectable 
difference between findings during anesthesia aloni 
and during anesthesia with surgery, and no detectabl 
difference among findings with halothane, isoflurane 
or enflurane. 

Drift of the transcutaneous electrode at the 219 
oxygen calibration point was positive in 10 subjects 
zero in six, and negative in four. Overall mean drif 
was +1 + 3 (SD) torr/hr over study periods of 40 t 
150 minutes. The zero calibration point was stabli 
throughout. 


Discussion 


There are several limitations to the potential accu. 
racy of each of these monitoring techniques. The ea 


i. a 


KNILL ET AL 


oximeter estimates the proportion of oxygenated he- 
moglobin in arterial blood from the transmission of 
red light through a region of the heated and arterial- 
ized pinna. However, several variables other than 
hemoglobin saturation may influence this transmis- 
sion, including skin thickness, other light absorbing 
pigments, local tissue inhomogeneity, and local blood 
flow (3). The transcutaneous oxygen monitor esti- 
mates arterial Po, values by measuring the oxygen 
tension at the surface of a region of heated and 
arterialized skin, using a Clark-type electrode with a 
membrane designed to limit the Po, gradient between 
capillary blood and the membrane surface (4). Vari- 
ables that influence the transcutaneous Po, estimate 
of Pao, values include the temperature effect on local 
blood Po,, oxygen consumption of local tissues, and 
resistance of the skin to Oə diffusion (18). In addition, 
the accuracy of both methods depends on the ade- 
quacy of heat-induced arterialization of dermal cap- 
illaries. 

These theoretical limitations notwithstanding, the 
recently developed HP ear oximeter and several trans- 
cutaneous, monitors have been reported to approxi- 
mate closely actual Sao, and Pao, values in normal 
awake man (5-8). The HP oximeter is considered to 
have minimized the influence of variables other than 
hemoglobin saturation by measuring light transmit- 
tance at eight wavelengths (in contrast to. the conven- 
tional two) and computing saturations on the basis of 
these values and certain constants that have been 
found to relate best transmittance values to actual 
saturations in a diverse -group of volunteers (19). 
Transcutaneous Po, monitors have been found to be 
particularly reliable in newborn infants (4). 

In our anesthetized subjects, the HP oximeter pre- 
dicted normal Sao, values adequately and followed 
changes of Sao, rapidly and correctly. It tended to 
overestimate the lowest Sao, values, particularly in 
subjects tested during anesthesia alone. The basis for 
this overestimation during anesthesia—which was not 
as evident during anesthesia with surgery nor in the 
awake state (5, 6)—is not clear. Perhaps the reduced 
arterial blood pressure during anesthesia acted to 
reduce perfusion of the pinna, an effect that could 
alter the oximeter’s performance especially at lower 
saturations (3). In any case, falsely high Sao, values 
were consistent only at saturations less than 80%— 
i.e., saturations not commonly encountered in clinical 
practice. 

Overall, our study may have underestimated the 
accuracy of the ear oximeter, as we did not measure 
saturation directly but calculated it on the basis of 


measured Pao,, assuming one value of Pso for all 
subjects and single constants for the effects of pH and 
base excess (16). We did not consider possible inter- 
fering effects of carboxyhemoglobin, which in con- 
centrations greater than 9% may falsely increase the 
readings of this oximeter (20). However, there were 
no heavy smokers among our subjects. 

The transcutaneous Po, electrode, when used in 
awake adults, is usually heated to 45°C, a temperature 
chosen to maximize arterialization without producing 
an undue risk of burns. However, in one of our first 
uses of the electrode in anesthetized subjects, 45°C 
caused blisters at the monitoring site. We subse- 
quently set the electrode at 44°C and have had no 
further incidents of burn. . 

In agreement with previous findings in intensive 
care and postoperative patients (9),. the response of. 
the transcutaneous-Po, electrode to'a change. in Fio, 
was relatively slow: In keeping with other.observa- 
tions in anesthetized adults (12-14), the:instrument’s 
accuracy in predicting normal Pao, values was poor. 
Reliability at reduced oxygen tensions was also un- 
satisfactory. It has been suggested that even when 
inaccurate in estimating absolute Pao,, the transcuta- 
neous Po, electrode may be useful in following Pao, 
trends, because of reasonably constant transcutaneous 
P,,/Pao, ratios within individuals (7, 8, 13). However, 
even trend detection was not consistently correct in 
this study. Overall, we consider this: particular system 
inadequate as a monitor of arterial oxygenation in 
anesthetized adults. 

The poor performance of the transcutaneous Po, 
electrode was no doubt due to limitations inherent in 
this technique (18), perhaps complicated during an- 
esthesia by factors: such as hypothermia, hypotension, 
and acidemia, which in themselves can. alter transcu~ 
taneous estimates of Pao, (9, 12, 21). We cannot 
attribute poor performance to halothane diffusing - 
through the heated skin (12), as the accuracy of 
readings during halothane anesthesia was not signif- 
icantly different from that found during isoflurane or 
enflurane anesthesia. 

We conclude that the Hewlett-Packard ear oximeter 
is suitable as a noninvasive and continuous monitor 
of arterial oxygenation in healthy anesthetized man. 
In addition to being reasonably accurate, it was stable, 
rapidly responsive, and relatively easy to standardize 
and use. It should be noted that the accuracy observed 
in normal healthy subjects may not necessarily apply 
in all conditions. Oximeter estimates may be falsely 
low in the presence of an elevated bilirubin, falsely 
high in the presence of carboxyhemoglobin, and un- 
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reliable in patients with anemia, hypothermia, or any 
condition that reduces perfusion of the pinna (3, 19, 
20). 
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Pharmacokinetics of Inhalation Anesthetics: 
A Three-Compartment Linear Model 
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TANNER, G.: Pharmacokinetics of inhalation anesthetics: a three-compartment linear model. Anesth Analg 
1982;61:587-94. 


The evolution of mathematical models of the uptake of the inhaled anesthetic agents has produced increasingly 
complex models in which researchers have attempted to incorporate more and more data on the effects of anesthetics 
on the processes of respiration, circulation, and metabolism. One result of this evolution has been to limit the 
application of these models due to the large amount of data required by the model and the need for a large digital 
computer to generate a solution. The purpose of this study is to show that a three-compartment linear model, using 
only the solubility of an anesthetic in water and oil, may be used to predict the uptake of a volatile anesthetic with 
sufficient accuracy for practical purposes. Only a programmable hand calculator is needed for the solution. Due to the 
simplicity of this model, compared with previously described models, it should prove useful in understanding the 
kinetics of gas uptake by the body. 


Key Words: ANESTHETICS, Volatile: pharmacokinetics; ANESTHETICS, Gases: pharmacokinetics; PHARMACOKI- 


NETICS: inhalation anesthetics. 


UMEROUS physiologically based pharmacoki- 
netic models have been proposed to describe 
the uptake of inhaled anesthetics (1-7). These models 
are all flow-limited models. They assume that the rate 
of an anesthetic’s uptake is limited only by the rate at 
which it arrives at the tissues. One of the earliest 
models, the two-compartment model of Kety (1), 
provided a gross estimate of the alveolar-to-inspired 
concentration ratio based only on the solubility of the 
agent in blood, body weight (or volume), alveolar 
minute ventilation, and cardiac output. Kety’s model 
can be solved exactly (i.e., it is precisely defined by 
an equation). Given the required data, a solution can 
be obtained in approximately 4 minutes with a pocket 
calculator such as the Texas Instruments TI-35 or 
Sharp EL-5813 (Appendix). 

Subsequent models have sought to obtain a better 
correlation with observed data by dividing the body 
into tissue groups according to their blood flows. Four 
or more tissue groups or compartments have usually 
been used. Both linear and nonlinear models have 
been proposed. The nonlinear models attempt to 
incorporate the concentration effect, second gas effect, 
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and anesthetic-induced changes in ventilation, cardiac 
output, and regional blood flow. In contrast to Kety’s 
model, these models depend on the measurement of 
blood and tissue solubilities of the anesthetic. A dig- 
ital, analog, or hybrid computer is needed to solve 
such models due to the number of compartments and 
the nonlinear kinetics. The solutions to all of the 
models subsequent to Kety’s are approximate in that 
they are expressed in the form of a graph or table, 
rather than by an exact equation. (““Approximate” in 
this context does not imply “inaccurate.” In fact, the 
approximation can usually be made to almost any 
desired degree of accuracy, with a digital computer, 
given sufficient processing time.) 

In reviewing some of .the previously published 
models, several problems are evident. One problem 
is the dependence on the measurement of the blood 
and tissue solubilities of the anesthetic. For a new 
anesthetic, these data may not be available. Even for 
the older agents, there is variation among the data 
reported by different investigators. For instance, the 
reported muscle/gas partition coefficients for halo- 
thane range from 2.92 to 8.0 (8). Another problem is 
the lack of standards regarding the symbols used by 
different authors, and regarding the form of mass 
transfer equations. The lack of standard terminology 
makes comparison between models particularly dif- 
ficult. For instance, Kety solved for the concentration 
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of the inert gas in the lung (1). Eger (2) and Mapleson 
(3), in their original models, solved for the volume of 
the anesthetic in the lung and tissue compartments. 
Subsequent models have solved for the partial pres- 
sure of the anesthetic (4, 6). Also, the computational 
requirements of a large model may cause problems 
for some investigators due to the limited availability 
of large computers. The eight-bit microcomputers 
currently available can solve these models, but the 
computational time may be inconveniently long. 

The purpose of this study was to determine whether 
a three-compartment linear model based on the sol- 
ubility of an anesthetic in water and oil, and using 
other reasonable assumptions and approximations, 
could predict the alveolar-to-inspired concentration 
ratio with sufficient accuracy to be useful. The ration- 
ale for basing the model on the solubility of the 
anesthetic in water and oil is based on the premises 
that (a) the body consists mostly of water and lipids, 
and (b) inhalational anesthetics are not bound to 
proteins. A three-compartment linear model is about 
the most complicated that can practically be solved 
‘exactly with a programmable hand-held calculator 
such as the Texas Instrument TI-59. 


ABBREVIATIONS 


inspired concentration 

alveolar concentration 

rate of transfer of drug from compartment i to 
compartment j 

mass of drug in compartment i 

dMi/dt 

d?M;/dt? 

d°M,/dt® 

water/gas solubility coefficient 

oil/gas solubility coefficient 

blood/gas partition coefficient 

tissue/blood partition coefficient for second 
compartment 

tissue/blood partition coefficient for third 
compartment 

cardiac output (5 L/min used) 

alveolar minute ventilation (4 L/min used) 

functional residual capacity (2.3 L used) 

volume of compartment i 

roots of characteristic equation 

particular solution (solution to forcing func- 
tion) 

whole body uptake of anesthetic agent (ml va- 
por) 

base of natural logarithms (2.718 ...} 
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Methods 


A three-compartment linear model was constructed 
to predict the alveolar-to-inspired concentration ratio 
of an anesthetic, and hence the anesthetic uptake. The 
model consists of a central compartment and two 
peripheral compartments, one “fast” and one “slow.” 

The model makes several assumptions. First, it 
assumes a 70-kg subject with a cardiac output of 5 L/ 
min and an alveolar minute ventilation of 4 L/min. 
Cardiac output and alveolar ventilation are assumed 
to remain constant. It also assumes that the inflow of 
anesthesia is constant and that the rate of transfer 
between compartments is linearly related to anesthetic 
partial pressure gradients. The mass-transfer equa- 
tions are written to conform with conventional phar- 
macokinetic models. 

The model is illustrated in Fig 1. The central com- 
partment represents lung gas, pulmonary venous 
blood, and arterial blood. The volume of lung gas 
2.3 L. The volume of blood in this compartment is 
assumed to be 1 L. 

The fast peripheral compartment consists of 9% of 
the body volume and receives 75% of the cardiac 
output. This is analogous to Eger’s vessel-rich group 
(2) and Mapleson’s visceral compartment (3). The 
slow peripheral compartment consists of 50% of the 
(functional residual capacity [FRC]) is assumed to be 
body volume and receives 18% of the cardiac output. 
This corresponds to the muscle group of both Eger 
(2) and Mapleson (3). The transfer of anesthetic be- 
tween central and peripheral compartments is as- 
sumed to be instantaneous. Thus, this model does not 
consider circulation time. (Mapleson (9) has discussed 
the theoretical implications of circulation time and 
the distribution of venous blood on models of anes- 
thetic uptake. These factors lead to small differences 
in the predicted results.) 

As alluded to earlier, the model predicts an anes- 
thetic’s solubility in blood and tissue from its Oswald 
solubility coefficient in water and oil. For this predic- 
tion, blood is assumed to consist of 99.1% water and 
0.9% oil, (i.e., lipid). The ability of this arbitrary 
formula to predict the blood/gas partition coefficient 
of an anesthetic agent is shown in Table 1. The 
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Fie 1. Schematic representation of three-compartment model 
of anesthetic uptake. 
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TABLE 1 


Predicted and Measured Values for Blood/Gas (BG) 
Partition Coefficient for 16 Anesthetics* 








Anesthetic sce ae a patent 
Chloroform 7.56 8.00 5.8 
Cyclopropane 0.31 0.55 77.0 
Diethy! ether 13.50 12.00 11.0 
Divinyl ether 1.90 2.60 37.0 
Enflurane 1.65 1.90 15.0 
Ethylene 0.10 0.15 50.0 
Fiuroxene 1.27 1.40 10.0 
Isoflurane 1.49 1.40 6.0 
Halothane 2.77 2.40 13.0 
Krypton 0.054 0.06 11.0 
Methoxyflurane 13.0 11.00 15.0 
Nitrogen 0.014 0.015 7.0 
N2O 0.48 0.47 2.0 
Teflurane 0.58 0.60 3.0 
Trichloroethylene 9.80 9.00 8.0 
Xenon 0.10 0.14 40.0 





* Measured values are those compiled by Steward et al (8). 


correlation between the predicted and observed val- 
ues is r = 0.99 ( p = 0.013). 

For the prediction of the tissue/blood partition 
coefficients, the fast peripheral compartment is as- 
sumed to consist of 98% water and 2% oil; the slow 
peripheral compartment is assumed. to consist of 97% 
water and 3% oil. Thus, the equations for the solubil- 
ity coefficients are: 


A B/G (predicted) = 0:991 Sy + 0.009 Sou 
0.98 Sw + 0.02 Soi 


B di = 
A T2/B (predicted) \B/G 
à T/B di = - 
3/B (predicted) x B/G 


Turning now to the kinetics of uptake and distri- 
bution in the model, the differential rate equations 
that describe the system are: 


My’ = ko: + kaMe + kar M3 — (kio + kiz + kis) Mı (1) 
Mo’ = ki2Mi — kaMz (2) 
Msg’ = kisMi — ksiMs (3) 


Here, M; is the mass of drug in compartment i, and 
Mr is the first derivative (rate of change) of the mass 
in compartment i. 

The six rate constants (ko1, kei, etc) are the heart of 
the model. The exact definitions of each are defined 
below. Using these definitions, for instance, one could 
easily modify the model to correspond to different 
assumptions as to cardiac output, veritilation, com- 
partment volumes, etc. 


ko (rate of input to the central compartment) is so 
defined that the mass of anesthetic in that compart- 
ment is always equal to the alveolar-to-inspired con- 
centration ratio. Thus, if there was no anesthetic 
uptake by peripheral compartments, the anesthetic 
mass in the central compartment would start at 0 and 
rise, eventually, to 1. This has the advantage that after 
solution of the equations, no further conversion is 
required to obtain the alveolar-to-inspired concentra- 
tion ratio. This requires that: 


ko = Va/Vı 
Vi = (FRC + 1 X AB/G) 


where Va is alveolar minute ventilation, Vi is the 
volume of the central compartment, and FRC is the 
functional residual capacity. 

The rate of loss from the central compartment is 
kioMi, where kio is set equal to ko; plus an additional 
term representing the loss of anesthetic to tissues with 
especially long time constants, such as fat, and to 
metabolism. Seven percent of the cardiac output is 
assumed to go to these tissues and the anesthetic 
delivered to these tissues is considered to be irrevers- 
ibly lost. This approximation makes the model more 
realistic without adding additional compartments. Jus- 
tification for this approximation can be found in the 
data of Fiserova~-Bergerova and Holaday (10) who 
found significant uptake of anesthetic after 2 hours of 
administration. Recent studies by Morgan et al (11) 
ori the Kinetics of thiopental also suggest that over the 
period ‘of a typical anesthetic administration, distri- 
bution of thiopental to tissues with especially long 
time constants may mimic excretion or irreversible 
loss. Thus: 


0.07 X CO x AB/G 


kio = kor + 
19 ko: V, 


where CO is the cardiac output. 

The rate of transfer of anesthetics from the central 
compartment into the second compartment is kı2Mı, 
where: 


0.75 X CO x AB/G 


e 
12 Vi 


The rate of transfer of anesthetics from the second 


compartment back into the central compartment is 
koi1Mo, where: 


_ 0.75 X CO 


ka, = Vo X ATo/B 


The rate of transfer of anesthetic from the central 
compartment to the third compartment is kiM, 
where: 
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_ 0,18 X CO x AB/G 


k 
13 V, 


The rate of transfer of anesthetics from the third 


compartment back into the central compartment is 
k3:M3, where: 


0.18 x CO 
Va X AT3/B 


OU 


There is no specific representation of the venous 
blood. The venous blood is considered to be part of 
each tissue compartment and has the same anesthetic 
concentration as the tissue that it drains. 

Thus, three simultaneous first order differential 
equations are obtained (equations 1 to 3). To solve 
these, they must be combined as shown in equation 
4, to obtain a third order equation containing M, and 
its derivatives: 


Mı” + bM,” + cM)’ + dMi =f (4) 
Here, the constants b, c, d, and f are related to the 
rate constants as follows: 
b = kø + kr + kg + ky + ka: 
c = ka: (kio + ki + ka) + ka (Kio + kia) 
d = kai (kiz{kaı ~ kei) + kei (kio + Kis) — kakia) 
f = ka ka kon. 
To solve equation 4, one must solve the homogeneous 
equation: 
M,” + bM,” + cM)’ + dM; =0 (5) 
The solution of this homogenous third order linear 
differential equation is: 

y(t) = Ae” + Be™ + Ce™* (6) 
where r, re, and r are the roots to the characteristic 
equation 

rP+brtco+d=0 
and the constants A, B, and C are determined by the 
initial conditions. 


The complete solution is the solution of the ho- 
mogeneous equation plus the particular solution: 


Mi (t) -£ 


Thus, the complete solution is: 


f 
Mi (t) = 5 + Ae™ + Be™ + Ce’ (7) 


For illustrative purposes, this solution was applied 
to six inhalational anesthetics: N20, isoflurane, en- 
flurane, halothane, diethyl ether, and chloroform, The 
water and oil solubility coefficients were taken from 
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the “preferred values” compiled by Steward et al (8). 
The roots of the characteristic equation were found 
using an iterative program with an error of 1 X 107° 
(Program MC-08 of the Texas Instruments, TI-59 
Master Library). 

The constants A, B, and C were found by matrix 
inversion (Program MC-02 of the Texas Instruments, 
TI-59 Master Library) given the initial conditions: 


Mi (0) = O 
My (0) = ko 
My” (0) = —(kie + kio + kia)koi 


In summary then, the solution for these six agents 
iS: 


f 
Fa/Fi = a + Ae™ + Be + Cet 


This, then, is the three-compartment model’s exact 
solution. Notice that this equation involves seven 
constants: f/d, A, B, C, r, re, and r3. These constants 
need only be computed once for each anesthetic. The 
computed values of these constants for each of the six 
anesthetics are shown in Table 2. 

Using the appropriate constants for the anesthetic 
agent being used, the value of Fa/Fi at a given time, 
t, can be obtained using a calculator by entering these 
various values (which takes less than 1 minute) and 
having the calculator perform the arithmetic (which 
takes 1 second or less). 

Thus, for instance, to determine Fa/Fi at time, t = 
60 minutes, for halothane (see Table 2, line 4), the 
following equation is evaluated: 


Fa/Fi = .804 — 0.201e 372" — 9.3166 0129* _ 9 287¢' 0.006x@) 


If a programmable calculator is used, and these 
constants are included as part of the program, then 
only the time, t, must be entered manually, and the 
corresponding Fa/Fi is obtained virtually instanta- 
neously. 

If a new anesthetic is encountered and its solubility 
in oil and in water is known, then the value of those 
seven constants can be computed as outlined previ- 
ously, and can, therefore, be incorporated directly 
into this exact solution. 


Results 


The predicted alveolar-to-inspired concentration 
ratio for each of the six anesthetics is shown in Fig 2. 
The correlation between the predicted and observed 
values for the six agents is shown in Figs 3 to 8. As 
can be seen, there is a good correlation between the 
predicted and observed values. 


a. 


TANNER 


Computed Values for Seven Constants in Exact Solution for Six Anesthetics * 


TABLE 2 
f/d 
N20 0.960 
Isoflurane 0.885 
Enflurane 0.874 
Halothane 0.804 
Ether 0.456 
Chloroform 0.458 


A 


—0.522 
-0.310 
-0.289 
—0.201 
—0.047 
~0.075 


ry 


—2.50 
—3.20 
—3.42 
—3.72 
—4.95 
—4.95 


* Fa/Fi = (f/d) + Ae" + Be? + Ce”. 
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Fig 2. Predicted alveolar-to-inspired concentration ratio for six 
anesthetics modeled. 
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Fig 3. Comparison of predicted (solid line) and observed alveo- 
lar-to-inspired concentration ratio for N20. Observed data are 
adapted from Severinghaus (12). 
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Fig 4. Comparison of predicted (solid line) and observed alveo- 
lar-to-inspired conceniration ratio for isoflurane. Observed data 
are from Cromwell et al (13). 


Discussion 


The model presented in this paper has several 
interesting features compared with previously pub- 
lished models. First, it demonstrates that the phar- 
macokinetics of inhalation anesthetics may be ap- 
proached in the same way as the pharmacokinetics of 
intravenous drugs, as it uses the familiar rate-constant 
formalism. The model also suggésts that precise meas- 
urement of the blood and tissue solubilities of an 
anesthetic may not be a prerequisite to the prediction 
of its uptake. 

Perhaps the greatest advantage of this model is that 
an exact solution may be obtained with a programm- 
able hand-held calculator (TI-59, Texas Instruments). 
The computation of the seven constants for one an- 
esthetic may be obtained in approximately 15 min- 
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Fic 5. Comparison of predicted (solid line) and observed alveo- 
lar-to-inspired concentration ratio for enflurane. Observed data 
are from Torri et al (14). 


0.80 






Halothane 


a 
A 
Ee. eas 
Fi ` 
& OBSERVED 
0.20 — PREDICTED 


20 40 60 


MINUTES 


Fic 6. Comparison of predicted (solid line) and observed alveo- 
lar-to-inspired concentration ratio for halothane. Observed data 
are adapted from Mapleson (15). 


utes. Kety’s two-compartment model (1) also is easily 
solved, although the predictions of Kety’s two-com- 
partment model do not correlate with the observed 
uptake as well the predictions of this model. A com- 
parison between the predictions of Kety’s two-com- 
partment model and this model and the observed data 
for enflurane are shown in Fig 9. 

The model also suggests a new algorithm for the 
prediction of anesthetic uptake which could be incor- 
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Fig 7. Comparison of predicted (solid line) and observed alveo- 
iar-to-inspired concentration ratio for chloroform. Observed data 
are from Poobalasingham and Payne (16). 
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Fig 8. Comparison of predicted (solid line) and observed alveo- 
lar-to-inspired concentration ratio for ether. Observed data are 
from Wahrenbrock et al (17). 


porated in an automated closed-circuit system. Here, 
the rate of whole body uptake of an anesthetic would 
be: 

. U(t) = V, (Fi ~ Fa) 


Using the model, after 20 minutes of anesthesia when 
the terms Ae™ + Be™ become negligible, this equa- 
tion could be approximated by: 


U(t). = Va X Fix (1 — : — Ce”) 


For example, for an inspired concentration of 1% 
halothane and an alveolar minute ventilation of 1 L/ 
min, this would yield 11e° + 7.9 ml/min. 
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Fic 9. Comparison of predictions of Kety’s two-compartment 
model (1) and three-compartment model presented here and 
observed data for enflurane. Observed data are from Torri et al 
(14). 


Although the model presented in this paper gives 
good predictions of the alveolar-to-inspired concen- 
tration ratio for the anesthetics commonly used today, 
it does have certain limitations: (a) The concentration 
and second gas-effect are not accounted for. These 
effects, however, are small and evident only during 
the first few minutes of the induction of and recovery 
from anesthesia (18). (b) There are no circulatory 
shunts. The introduction of circulatory shunts into 
the model would add additional compartments and 
make an exact solution more difficult. (c) The minute 
ventilation and cardiac output remain constant. The 
introduction of anesthetically induced changes in car- 
diac output and alveolar minute ventilation into the 
model would require nonlinear kinetics and make an 
exact solution impossible. A slightly lower than nor- 
mal value for cardiac output is used (5 L/min) to 
compensate for the decrease in cardiac output caused 
by most anesthetics. Ventilation is assumed to be 
either unaffected or artificially assisted to maintain a 
constant normal minute ventilation. (d) The model 
assumes that fat has.an infinite capacity for anesthetic 
uptake. Thus, the Fa/Fi predicted by the model 
would, in theory, be low after a prolonged period of 
anesthesia. 

One could expand upon the model outlined in 
equations 1 to 3, by adding additional compartments 
and adding nonlinear kinetics. One could then obtain 


an approximate solution by rectangular integration of 
the simultaneous rate equations. Here, however, a 
printer for the programmable calculator would be 
needed, and a long computation time would be re- 
quired. 

In conclusion, a pharmacokinetic model of uptake 
of volatile anesthetics that offers an exact solution to 
the alveolar-to-inspired concentration ratio based on 
the solubility of an anesthetic in water and oil is 
described. The predictions of this model agree well 
with the observed data. The model, therefore, also 
suggests a new algorithm which could easily be in- 
corporated in an automated anesthesia system. 
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Appendix 


The solution to Kety’s two-compartment model is: 
Ca/Ci = 1 — Aye™™* ~ Ase** 


where ki = % B + VB°—40),, ke = *% (B — 
VB? — 4C), B = (Va X AB/G x CO)/FRC + CO/V, 
C = (Va X CO)/(FRC x Vi), A1 = (Va/FRC — kə)/(kı 
= ko), and Ag m=J]— Ai. 

Vs is the total body volume, 70 L. Kety uses 3 L as 
the FRC. These equations are adapted from Kety’s 
equation 55 (1). 
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REVIEW 
article 


Cimetidine and Related Drugs in Anesthesia 


Laxmaiah Manchikanti, MD,” John W. Kraus, MD,} and Sidney P. Edds, MD 


OMITING and regurgitation with subsequent 

aspiration of gastric contents into the tracheo- 
bronchial tree is an important cause of morbidity and 
mortality in patients undergoing anesthesia (1-4). Si- 
lent regurgitation of gastric contents is more frequent 
than is often appreciated, having been reported by 
various investigators as occurring in from 4% to 26.3% 
of patients having general anesthesia (5-8). As many 
as 76% of patients with silent regurgitation have tra- 
cheal aspiration (5). In a report on 1000 deaths asso- 
ciated with anesthesia in the United Kingdom, Ed- 
wards and co-workers (9) found that 18% were di- 
rectly related to vomiting and regurgitation; more 
than 50% of all obstetric anesthetic deaths were due 
to aspiration of vomitus. Merill and Hingson (1) es- 
timated that there were 100 maternal deaths from 
aspirations each year in the United States, whereas 
Phillips et al (3) estimated an average of one maternal 
aspiration death per year in a community of 1 million 
American people. Fetterman and Moran (10) con- 
cluded from autopsies that many cases of broncho- 
pneumonia in debilitated patients and patients in 
coma may be attributed to aspiration of gastric con- 
tents during induction or maintenance of anesthesia 
with a morbidity and mortality that may reach 70% 
(6, 9, 11). Mendelson (12) and Teabeaut (13) demon- 
strated the importance of pH in the etiology of acid 
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aspiration. A pH of less than 2.5 is generally consid- 
ered as the critica] level for the development of pul- 
monary damage (13, 14). The risk of serious pulmo- 
nary reaction increases progressively as the pH of 
aspirate decreases to less than 2.5. A critical volume 
of acid aspirate is also necessary for widespread pul- 
monary damage to occur. The volume of gastric con- 
tents of pH less than 2.5 required to produce the acid 
aspiration syndrome has not been defined in man. 
The critical volume in rhesus monkeys has been 
shown to be 0.4 ml/kg of body weight (15). Several 
investigators (15-17) have suggested that patients are 
at risk of serious pulmonary complications with as- 
piration of at least 25 ml of gastric fluid with a pH of 
2.5 or less. 

Taylor and Pryse-Davies (18) demonstrated that 
55% of obstetric patients at term have more than 40 
ml of liquid gastric juice and in 42% of patients the 
PH is less than 2.5. Vaughan et al (19) reported that 
88% of morbidly obese patients have gastric contents 
with a pH less than 2.5, whereas 86% had more than 
25 ml of liquid gastric juice. Ong and co-workers (20) 
found that in outpatients receiving general anesthesia 
the mean gastric volume was 69 + 17 ml with an 
average gastric pH of 1.8 + 0.2; four of 21 patients 
had more than 75 ml of gastric fluid with pH less than 
2.0. Hester and Heath (21), in their study of gastric 
volume and pH in emergency patients without pre- 
medication, found that in 46% of the patients the pH 
was less than 2.5 and in 32% of the patients the gastric 
volume was more than 40 ml, with maximum volumes 
reaching as high as 330 ml. The frequency of low 
gastric pH in nonobese, adult, inpatient, elective sur- 
gical patients before tracheal intubation varies from 
60% to 80% (16, 22-32). Salem et al (33) and Goud- 
souzian and co-workers (34) found that 100% of pe- 
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diatric patients undergoing elective surgery had gas- 
tric pH less than 2.5. 

Considering the evidence reported in the above 
studies, the potential risk of vomiting, regurgitation, 
and subsequent aspiration becomes worrisome, es- 
pecially when one considers the number of patients 
who receive potent anesthetics by face mask without 
rapid sequence induction and tracheal intubation. 


Reduction of Gastric Acidity 


Various methods of increasing the pH of gastric 
contents toward neutral before the induction of an- 
esthesia have been reported. Anticholinergic agents, 
oral antacids, and cimetidine have been used for this 
purpose, all with variable success. 

‘Anticholinergic agents inhibit the production of 
gastric juice, but only to a highly variable degree. 
They also have side effects which include tachycardia, 
reduction of gastric sphincter tone, and delayed gas- 
tric emptying (35). Baraka and associates (17), in 
studying the effects of glycopyrrolate before cesarean 
section, found that gastric pH was greater than 2.5 in 
66% of cases following glycopyrrolate, whereas atro- 
pine had no significant effect on gastric pH. Salem 
and others (33) found that in 58.1% of children pre- 
medicated with glycopyrrolate, gastric pH was greater 
than 2.5. The above results are promising, but in two 
recent studies (16, 25) glycopyrrolate failed to change 
significantly either the volume or pH of gastric con- 
tents compared with vaiues in control patients, even 
though glycopyrrolate is generally regarded as the 
anticholinergic with the most pronounced effects on 
decreasing gastric secretions and increasing gastric 
pH (17, 33). 

Routine antacid prophylaxis has become an estab- 
lished practice in obstetric anesthesia (18, 21). Roberts 
and Shirley (15) demonstrated that antacid adminis- 
tration within 4 hours of induction of anesthesia 
increased gastric pH to greater than 2.5 in 84% of 
patients, whereas only 45% of control patients who 
did not receive an antacid had gastric pH values 
greater than 2.5. However, oral antacids may also be 
associated with an increase in gastric volume (16, 29, 
36). In addition, aspiration of antacid neutralized gas- 
tric contents even with pH greater than 2.5 may itself 
cause significant pulmonary damage (37-39). 

Histamine has a major role in hydrochloric acid 
production by the parietal cells in the stomach, an 
effect mediated by histamine-2 (Hg) receptors (40). 
The discovery and introduction of Hz-receptor block- 
ing drugs has provided a new therapeutic approach to 
the treatment of gastric hypersecretory states. Cimet- 
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idine is an Hp-receptor antagonist that increasés gas- 
tric pH while reducing the volume of gastric contents 
(41). A number of studies (22-32, 42-50) have recently 
evaluated the efficacy of cimetidine premedication in 
increasing the pH of gastric contents. These results 
are encouraging and suggest that cimetidine may be 
superior to conventional methods for increasing the 
pH and decreasing the volume of gastric contents. 
This review considers the pharmacology and clinical 
utility of cimetidine in the management of patients at 
the risk of vomiting/regurgitation and aspiration. 


H.-Receptor Antagonists 


Approximately 70 years ago, Sir Henry Dale and 
colleagues showed that histamine is intimately in- 
volved in gastric secretion. The classic antihistamines 
were found not to block this action of histamine. In 
1966 Ash and Scheld (40) hypothesized that He-recep- 
tors were responsible for gastric secretion. 

The synthesis of Ho-receptor antagonists was 
achieved by stepwise modifications of the histamine 
molecule, which resulted in nearly 700 compounds. 
Histamine is composed of an imidazole ring and 
ethylamine side chain (Fig 1, A). Hi-receptor antago- 
nists have a modified ring or no ring at all, whereas 
He-receptor antagonists retain the ring and have mod- 
ified side chains. Black et al (51) in 1972 synthesized 
the first He-receptor antagonist, burimamide, which 
proved to be effective in reducing histamine-stimu- 
lated acid secretion in animals and man. Because 
burimamide is not readily absorbed from the gut, 
another He-receptor antagonist, metiamide, structur- 
ally similar to histamine and more potent in reducing 
acid secretion, was synthesized (52). However, several 
cases of agranulocytosis were reported with the use 
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Fic 1. Structure of histamine, cimetidine, tiotidine, and raniti- 
dine. 
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of metiamide (53), and it was attributed to the thiourea 
group in metiamide. Replacement of thiourea group 
in metiamide with cyanoguanidine resulted in the He- 
receptor antagonist cimetidine (54) (Fig 1, B) which 
had proven to be clinically effective, and soon became 
popular. 

As clinical experience with cimetidine has in- 
creased, both the range of medical illnesses for which 
the drug can be used and the number of untoward 
effects associated with its use have increased. Hence, 
continuing research led to the development of several 
new Hpe-receptor antagonists, some of which are un- 
dergoing clinical trials. Some of the new compounds 
undergoing clinical trials are ranitidine (55) (Fig 1, D), 
tiotidine (56) (Fig 1, C), oxmetidine (57), SKF 93479 
(58), etinitidine (Bristol-Myers), and Sch-28080 
(Schering-Plough). Clinical information is not availa- 
ble for some of the compounds although it is prelim- 
inary for others. 


Clinical Pharmacology of Cimetidine 


Pharmacokinetics 


Cimetidine is a weak imidazole base, and peak 
blood levels are achieved 45 to 60 minutes after oral 
administration. The plasma half-life of cimetidine is 
approximately 2 hours in subjects with normal renal 
function (59). Walkenstein and associates (60) exam- 
ined the pharmacokinetics of 300 mg of cimetidine in 
man after oral, intramuscular, and intravenous admin- 
istration (Fig 2). Despite the fact that parenterally 
administered cimetidine achieves a higher peak drug 
level than that obtained by oral administration, clini- 
cally effective drug levels of 0.5 ug/ml are maintained 
for an identical period of 4 hours by either route. 
Similarity of plasma level curves for the intravenous 
and intramuscular routes of administration makes 
these two routes virtually interchangeable. 
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Fig 2. Mean blood levels after 300 mg of cimetidine by various 
routes (Adapted with permission from Walkenstein et al [60)). 


Cimetidine is excreted via the kidneys within 24 
hours after oral or parenteral administration, 48% to 
77% of the drug being excreted unchanged (60). The 
rest of cimetidine is excreted in the form of metabo- 
lites, the sulfoxide being the major metabolite. Sulf- 
oxide is a product of hepatic inactivation by conver- 
sion of the side chain thioether. 

In patients with renal insufficiency, the serum half- 
life is increased to approximately 3 to 4 hours, and 
drug dosages must be reduced accordingly (61). Ci- 
metidine is partially removed by dialysis but less so 
than creatinine. 


Mechanism of Action 


Cimetidine is a reversible, competitive He-receptor 
antagonist. In man, three endogenous acid secreto- 
gogues are histamine, gastrin, and acetylcholine. The 
ability of cimetidine to inhibit gastric acid secretion 
produced by all conventional stimuli can be inter- 
preted as evidence that histamine is part of a final 
common pathway to parietal cell activation (62). A 
second hypothesis suggests that separate receptors 
exist at parietal cells for histamine, gastrin, and ace- 
tylcholine, that these interact, and that blockade of 
any one of them depresses responses to the remainder 
(62). 


Antisecretory Effects 


Cimetidine inhibits basal and nocturnal gastric acid 
secretion and acid secretion stimulated by histamine, 
pentagastrin, caffeine, insulin, and food (41). Hol- 
lander and associates (63) showed that a single 300- 
mg dose of cimetidine at bedtime resulted in at least 
8 hours of significant reduction in gastric acidity in 
normal men. Longstreth and co-workers (64) extended 
these observations to patients ‚with active duodenal 
ulcer and found a significant reduction of gastric acid 
secretion, the degree and duration of which were dose 
related (Fig 3). The inhibitory effect of oral cimetidine 
on gastric secretion begins 60 to 90 minutes after 
administration and reaches its peak at 120 to 150 
minutes. At plasma concentrations of 0.5 pg/ml, basal 
secretion was suppressed by more than 80% and 
secretion stimulated by food or gastrin was sup- 
pressed by more than 50% (65, 66). When adminis- 
tered in four doses totaling 0.8 to 1.6 g, cimetidine 
suppressed 24-hour intragastric acidity both in nor- 
mal subjects and patients with duodenal ulcers by 
70% (66). The inhibitory effect of cimetidine on stim- 
ulated gastric output includes a marked decrease in 
both hydrogen ion concentration and gastric juice 
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Fig 3. Effect of oral cimetidine on nocturnal gastric acidity 
(Reproduced with permission from Longstreth et al [64)). 


volume. As cimetidine and anticholinergic agents ap- 
pear to inhibit acid secretion through different mech- 
anisms, their suppressive effect might be expected to 
be synergistic. Indeed it has been shown in clinical 
studies that combination of H2-receptor blocker and 
anticholinergic agent was more effective in suppress- 
ing food-stimulated acid secretion than either drug 
administered alone (41, 67). 

Pepsin output generally decreases in parallel with 
the diminished volume of gastric secretion. Output of 
intrinsic factor of castle in response to betazole is 
inhibited by cimetidine (68). Fasting serum gastrin 
levels of patients with duodenal ulcers appear to be 
unaffected by cimetidine (64). Studies of gastric out- 
put in patients with duodenal ulcers after 6 weeks of 
treatment with cimetidine have failed to reveal any 
“rebound” increase in peak acid output as compared 
with pretreatment levels (61). Cimetidine has no con- 
sistent effect on the rate of gastric emptying, lower 
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esophageal sphincter pressure, or pancreatic secretion 
(68). 


Clinical Effectiveness of Cimetidine for 
Premedication 


The efficacy of preanesthetic cimetidine in reducing 
gastric pH and volume has been studied by various 
authors in different groups of patient populations 
undergoing anesthesia and surgery (22-32, 42-50). In 
these studies efficacy of cimetidine has been evaluated 
using various doses with different routes of adminis- 
tration, and the studies have often included compar- 
ative studies with anticholinergics as well as antacids. 


Elective Surgical Patients 


Single Oral Dose Regimen. This mode of admin- 
istration has been studied more than the other modes 
of administration (22, 23, 26-30). The effect of cimet- 
idine, 300 mg, administered orally 60 to 120 minutes 
before induction of anesthesia, was compared with 
anticholinergic and antacid premedication and was 
demonstrated to be significantly more effective (22, 
23, 26, 28). In these clinical studies (22, 23, 26-30) 
60% to 80% of elective surgical patients arrived in the 
operating room with gastric pH levels less than 2.5, In 
contrast, one dose of either 300, 400, or 600 mg of 
cimetidine administered in the morning or the night 
before surgery increased gastric pH to greater than 
2.5 in 70% to 100% of patients (22, 23, 26-30). 

Single Intravenous Dose Regimen. Intravenous ad- 
ministration of cimetidine for preoperative prophy- 
laxis has been shown to be superior to oral adminis- 
tration in some clinical studies (26, 42), as higher peak 
plasma levels are achieved during the Ist hour after 
parenteral administration. Coombs et al (24) demon- 
strated a significant time-dependent increase in the 
gastric pH with a decline in gastric volume in patients 
receiving intravenous cimetidine 15 to 60 minutes 
before induction; when given 45 minutes before in- 
duction of anesthesia the gastric pH increased to 
greater than 2.5 in 90% of patients. Maliniak and 
Vakil (42) compared the efficacy of 300 mg of intra- 
venous cimetidine with 0.3 mg of intramuscular gly- 
copyrrolate. The mean gastric pH was 1.73 + 0.07 
before administration of cimetidine and increased to 
4,43 + 0.53 after 1 hour and to 7.23 + 0.15 after 2 
hours, whereas glycopyrrolate increased the mean 
gastric pH from 1.59 + 0.05 to 2.83 + 0.49 after 1 
hour. Total acid concentration was reduced 98% after 
cimetidine and only 50% after glycopyrrolate. 

Multiple Dose Regimen. Preanesthetic prophylaxis 
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by administration of multiple doses of cimetidine has 
been evaluated in a number of clinical trials and 
appears to be the most common mode of administra- 
tion used by the majority of anesthesiologists in elec- 
tive patients. l 

Keating and associates (25) and Kirkegaard et al 
(32) demonstrated that cimetidine administered orally 
the night before surgery and again in the morning in 
doses of 300 and 400 mg increased gastric pH to 
greater than 2.5 in 67% and 75% of patients, respec- 
tively. In a similar study by Weber and Hirshman 
(26) the gastric pH increased to greater than 2.5 in 
90% of patients after 300 mg of cimetidine with a 
mean of 5.1 + 0.61. Weber and Hirshman also studied 
the combination of oral cimetidine, 300 mg, admin- 
istered the night before surgery plus 300 mg of intra- 
muscular cimetidine administered 60 to 90 minutes 
before induction. This increased gastric pH to greater 
than 5.0 in all patients to a mean level of 7.3 + 0.31. 
This method is described by the same authors (26) as 
superior and more effective than the other modes of 
administration (Fig 4). Toung and Cameron (31) eval- 
uated the effect of combination of cimetidine, 300 mg, 
administered orally at 14 hours and 8 hours, and 300 
mg of intravenous cimetidine administered 60 to 90 
minutes before induction of anesthesia. This mode 
increased gastric pH to greater than 2.5 in 93% of 
patients and effectively reduced gastric fluid volume. 


Emergency Surgery 
Patients having emergency surgery pose high risk 
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Fig 4. Distribution of gastric pH values in control and cimeti- 
dine-treated patients (Reproduced with permission from Weber 
and Hirshman [26)). . 


of pulmonary aspiration. Unfortunately, reports of 
experience with cimetidine prophylaxis in patients 
seen for emergency surgery are limited to a small 
number of patients. Dobb and associates (43) studied 
the effect of 200 mg of cimetidine administered intra- 
venously to 20 patients scheduled for emergency sur- 
gery and expected to have “full stomachs.” The gastric 
pH was evaluated at greater than 2.5 in 80% of patients 
1 hour after cimetidine administration and was greater 
than 4.0 in all the patients after induction of anesthe- 
sia. 


Obstetric Anesthesia 


The potential for prophylactic preoperative H2-re- 
ceptor blockade appears to be great in obstetric an- 
esthesia, as aspiration stands out as a prominent cause 
of maternal mortality and morbidity, even with pres- 
ent advances in the management of parturient. Safety 
and efficacy of cimetidine prophylaxis in obstetric 
anesthesia have been reported by several investigators 
(45-49, 69, 70). It has been studied in more obstetric 
patients undergoing anesthesia than in any other 
group of patients. 

Husemeyer and Davenport (45) compared cimeti- 
dine, 300 mg, administered orally 2 to 6 hours before 
surgery with magnesium trisilicate, 20 ml, adminis- 
tered 60 minutes before induction. The gastric pH in 
patients given cimetidine was greater than 2.5 in 77.5% 
of patients whereas it was greater than 2.5 in all 
patients given the antacid. Pickering and co-workers 
(46) demonstrated that intramuscular cimetidine, 300 
mg, increased gastric pH to greater than 2.5 in 77.7% 
of patients whereas Gelusil, 30 ml, was effective in 
75% of patients when administered 1 hour before 
induction. 

Dundee and associates (47-49) described their ex- 
perience with cimetidine in obstetric anesthesia in 
approximately 5000 patients for preanesthetic pro- 
phylaxis. Preliminary trials of intravenous and oral 
cimetidine were followed by a large field trial in 
which a 400-mg oral loading dose was given at estab- 
lishment of labor followed by 200 mg every 2 hours. 
In the patients who received 200 mg of cimetidine 
intravenously 60 to 80 minutes before induction of 
anesthesia, gastric pH was greater than 2.5 in all. One 
third of patients had gastric pH less than 2.5 when 
the interval between administration of the drug and 
induction of anesthesia was 30 to 40 minutes or more 
than 90 minutes (47). In the field trial only 4% of 
patients had gastric pH less than 2.5 when cimetidine 
was administered. 
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Pediatric Anesthesia 


Reports of clinical experience with the use of ci- 
metidine in neonates and children for either hyperse- 
cretory conditions or for preanesthetic prophylaxis 
are limited. Goudsouzian and colleagues (34) found 
that cimetidine administered orally on the morning of 
surgery reduces the volume and acidity of gastric 
fluid in infants and children. All children studied who 
had not been given cimetidine had gastric pH levels 
less than 2.5 whereas cimetidine (2.5 to 10 mg/kg) 
‘increased the pH of gastric contents and reduced the 
volume of gastric aspirate. The EDəs of cimetidine 
that produced pH values greater than 2.5 was 7.5 mg/ 
kg, and the mean gastric pH was 6.16 + 0.38. At a 
dose of 10 mg/kg, all the children had gastric pH 
greater than 3.5 with a mean of 6.36 + 0.33. Cimeti- 
dine was most effective when given orally between 1 
and 4 hours before gastric specimens were obtained. 


Morbidly Obese Patients 


Increased risk of aspiration of gastric contents in 
morbidly obese patients was demonstrated by 
Vaughn et al (19). Wilson and co-workers (50) studied 
the efficacy of cimetidine in morbidly obese patients 
undergoing elective surgery. Cimetidine, 300 mg, was 
administered orally at midnight and 90 to 120 minutes 
before induction of anesthesia. They found that ci- 
metidine increased gastric pH to greater than 2.5 in 
85% of patients to a mean level of 5.0 + 0.6, whereas 
glycopyrrolate and atropine were effective only in 
38% and 33% of patients with mean gastric pH levels 
of 2.4 + 0.4 and 2.7 + 0.6, respectively. In addition, 
cimetidine reduced the volume of gastric contents 
significantly. 


Side Effects and Toxicity of Cimetidine 


Cimetidine was released for clinical use in the 
United Kingdom in November 1976, and in the United 
States in August 1977. Since then no other Hz an- 
tagonist has been freely available. The Food and Drug 
Administration approved cimetidine for the treatment 
of duodenal ulcer disease and the Zollinger-Ellison 
syndrome in the United States. The number of ap- 
proved indications is greater in the United Kingdom 
than in the United States. 

Histamine receptors are widely distributed in the 
various tissues and organs of the body, including the 
heart, blood vessels, bone marrow, pituitary gland, 
and hypothalamus, as well as the other areas of the 
brain. Side effects and toxicity may be produced 
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either by blockade of these receptors or by idiosyn- 
cratic reactions. 

Cimetidine is generally well tolerated. Adverse ef- 
fects during short-term therapy, including headache, 
dizziness, fatigue, muscle pain, fever, constipation or 
diarrhea, and skin rashes occur in less than 2% of the 
patients. Drug-related elevations of serum transami- 
nase levels have been noted, but serum transaminase 
has promptly returned to pretreatment levels either 
during the period of drug administration or after 
treatment has been discontinued. Rarely, unexplained 
elevations in alkaline phosphatase levels have also 
been noted. Even though no associated liver function 
abnormalities have been observed in the vast majority 
of patients, biopsy-proven periportal hepatic necrosis 
and centrilobular necrosis have been reported in two 
patients. 

A weak antiandrogenic effect has been noted in 
rats and dogs given high doses of cimetidine. Gyne- 
comastia in men and galactorrhea in women have 
been reported in a small number of patients. Several 
of these patients had the Zollinger-Ellison syndrome 
and had been receiving the drug for more than 3 
months. 

Slight elevation of serum creatinine levels occurs 
without renal dysfunction in many patients on cimet- 
idine therapy. Generally, the increase is not so great 
that serum creatinine levels exceed the normal range, 
but levels greater than 2 mg/dl have been found in 
3% of patients. In most instances elevations of serum 
creatinine levels have been transient or have remained 
within the normal range even during continued treat- 
ment. The levels usually return to normal with ces- 
sation of treatment. In chronic renal failure, treatment 
with cimetidine does not appear to cause any impair- 
ment of glomerular filtration. Observed increases in 
serum creatinine livers might be caused by reversible 
inhibition of tubular secretion of creatinine by cimet- 
idine. Changes in serum creatinine levels may, how- 
ever, be of clinical importance as cimetidine treatment 
may invalidate serum creatinine and creatinine clear- 
ance as standard tests of glomerular filtration, espe- 
cially in patients having renal transplants (71). In 
patients with chronic renal failure and in the elderly 
or debilited patients, the doses of cimetidine and the 
frequency of administration should be decreased. 

Despite poor penetration by cimetidine of the cen- 
tral nervous system in animals, neural dysfunction 
has been encountered, particularly with high doses in 
elderly patients and in association with renal dys- 
function. There have been infrequent reports of agi- 
tation, mental confusion, and coma, with improve- 
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ment occurring on cessation of the therapy (72-74). 
Schentag et al (74) reported changes in mental status 
in six of 36 critically ill patients when serum cimeti- 
dine levels were greater than 1.25 pg/ml. They also 
found the ratio between cerebrospinal fluid and se- 
rum levels of cimetidine to be 0.24:1 in these six 
patients, all of whom had combined hepatic and renal 
dysfunction. In all the cases, reduction of cimetidine 
dosage improved the mental status. However, mental 
confusion has been reported at lower than therapeutic 
serum levels of cimetidine (<0.5 pg/ml). In critically 
ill patients with azotemia, abnormal drug access to 
the central nervous system could be due to the in- 
creased permeability of the blood-brain barrier asso- 
ciated with uremia (75). Mogelnicki and colleagues 
also reported arousal following physostigmine in two 
such cases (75). 

Bradycardia, hypotension, cardiac arrythmias, and 
cardiac arrest have been reported following intrave- 
nous cimetidine (76-79). Data from in vivo animal 
studies (51) and from in vitro studies of human right 
atrial fibers (80) indicate that histamine-enhanced 
automaticity is antagonized by Ho2-receptor antago- 
nists. Engel and Luck (80) were unable to detect any 
sinus node dysfunction caused by cimetidine in a 
small series of patients, whereas Samuel and Dundee 
(81) demonstrated little or no change in cardiovascular 
function in 10 critically ill patients after injection of 
a 400-mg bolus of cimetidine. It is nevertheless rec- 
ommended that routes of administration other than 
the intravenous be used or that diluted solutions be 
slowly infused over a period of at least 30 minutes 
(77, 79). 

Hematologic abnormalities and bone marrow sup- 
pression associated with cimetidine therapy have been 
reported by various clinicians (82-88), This associa- 
tion is noteworthy because the potential consequences 
of bone marrow suppression are serious and metiam- 
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withdrawn from human use because of its adverse 
effect of granulocytopenia, including one case of fatal 
agranulocytosis (53, 85). But cimetidine differs from 
metiamide structurally and, unlike metiamide, triti- 
ated cimetidine is not taken up by precursor cells in 
bone marrow (89), Cimetidine, 506 mg/kg, did not 
cause granulocytopenia in dogs whereas only 80 mg/ 
kg of metiamide produced this effect. Moreover, in 
three patients who developed granulocytopenia with 
metiamide, when cimetidine was substituted for me- 
tiamide the granulocytopenia disappeared (90, 91). 
No granulocytopenia could be attributed to cimeti- 
dine in more than 4000 patients studied prospectively 


in clinical trials. Twenty-six cases of hematologic 
abnormalities, usually granulocytopenia, had under- 
gone Food and Drug Administration evaluation in 
1978, at which time the drug had been used in 1.3 
million people (92). Most of the cases were associated 
with complex medical problems, concomitant medi- 
cations, and serious illnesses. Granulocytopenia was 
conclusively attributed to cimetidine in some cases 
(85, 87, 88) and was dose related in one case (87). In 
some cases, cause and effect relationship could not 
be determined. Finally, the incidence of leukopenia 
is reported as 1/100,000 patients, whereas agranulo- 
cytosis and thrombocytopenia are reported as 
3/1,000,000 patients. It is encouraging to note the 
absence of reports of granulocytopenia in patients 
given prophylactic cimetidine before anesthesia. 

Busse and Sosmon (93) suggested that asthmatic 
patients may have an imbalance of Hı- and He-recep- 
tors with a relative decrease in H2-receptors. They 
also found a decreased number of He-receptors on 
granulocytes of asthmatic patients. Later, Nathan et al 
(94, 95) presented evidence that histamine in the 
airways of asthmatic patients mediates bronchocon- 
striction via the H)-receptors while it produces bron- 
chodilation via the He-receptors. In their studies, ad- 
ministration of cimetidine potentiated histamine-in- 
duced bronchospasm. A single oral dose of cimetidine 
decreased the threshold dose of inhaled histamine 
producing bronchoconstriction (94). These reports 
suggest that cimetidine should be administered with 
caution in asthmatic patients. 

Cimetidine crosses the placental barrier and is ex- 
creted in maternal milk. Studies in animals have 
shown no teratogenic effect attributable to cimetidine 
at dose ranges of 100 to 950 mg/kg/day. In human 
studies, cimetidine has no effect on the mother, baby, 
or progress of labor (69, 70). 

Clinical experience with cimetidine in children and 
neonates is, as mentioned above, limited. Although 
cimetidine therapy was reported to be free of side 
effects in newborns by Chhaitriwalla and colleagues 
(96), other investigators (97-99) have reported both 
hepatic (transient cholestasis) and cerebral toxicity. 
Elevation of serum levels of bile acids and other 
aberrations in liver function return, however, to pre- 
cimetidine levels shortly after or even during treat- 
ment (97), although cerebral side effects resolve only 
after discontinuation of the drug (98, 99). 

Inhibition of drug metabolism by cimetidine is an 
important drug interaction. There is increasing evi- 
dence (100-104) that demonstrates that cimetidine 
inhibits microsomal drug metabolism in the liver. 
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This action of cimetidine is also seen with other 
imidazole ring compounds, due, perhaps, to binding 
to microsomal P-450 (100). As a result of the effect of 
cimetidine on microsomal P-450 activity, the half-life 
of antipyrine is increased by cimetidine due to de- 
creases in clearance (101). Similarly, the metabolism 
of anticoagulants, barbiturates, benzodiazepines, pro- 
pranolol, and theophylline is decreased and the du- 
ration of action increased by cimetidine. Serlin et al 
(101) have shown that cimetidine prolongs prothrom- 
bin time in patients given oral anticoagulants of both 
coumarin and indenadione derivatives. Desmond et 
al (102) have demonstrated severe impairment of 
elimination of chlordiazepoxide in man after pretreat- 
ment with cimetidine for 7 days at normal therapeutic 
doses, whereas Klotz and Reimann (103) reported 43% 
reduction of clearance of diazepam in volunteers 
given cimetidine. Lam and Parkin (105) reported a 
case of prolonged postoperative somnolence with the 
combination of cimetidine and diazepam. Feely and 
co-workers (104) convincingly demonstrated an inter- 
action between cimetidine and propranolol and indi- 
cated that cimetidine not only decreases liver blood 
flow, as does propranolol, but independently de- 
creases the rate of metabolism of propranolol. The 
dependence of lidocaine clearance on hepatic blood 
flow is known. Hence, cimetidine may also interfere 
with clearance of lidocaine. The above interactions of 
cimetidine with other drugs will influence the clinical 
practice of the anesthesiologist. No significant inter- 
actions were seen in acute intravenous studies in the 
rat (106) with atropine, diazepam, thiopental, meper- 
idine, succinylcholine, d-tubocurarine, norepineph- 
rine, epinephrine, ampicillin, and cephalothin. 


New H.-Receptor Antagonists 


Initial evidence suggested that to function as a H2- 
receptor antagonist a drug must be an analogue of 
histamine and contain an imidazole ring. However, 
the development of new, nonimidazole He-receptor 
antagonists has demonstrated that in human gastric 
mucosa, recognition of He-receptors is not exclusively 
determined by the imidazole nucleus. Cimetidine, like 
histamine, contains an imidazole ring. Most of the 
new compounds, however, have structures that are 
different from that of cimetidine with the exception 
of oxmetidine in which the cyanoguanidine moiety of 
cimetidine has been replaced by isocytosine. Raniti- 
dine and SKF 93479 contain furan rings whereas 
tiotidine contains a thiazole ring (Fig 1). 

Ranitidine (Fig 1, D) is a substituted amino-alkyl 
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furan derivative which markedly inhibits basal and 
nocturnal gastric acid secretion as well as secretion 
stimulated by histamine, pentagastrin, sham-feeding, 
and meals (107-116). Ranitidine is rapidly absorbed 
after oral administration, achieving peak plasma levels 
after 60 to 90 minutes; therapeutically effective 
plasma concentrations last at least 8 hours (110). The 
bioavailability of oral ranitidine is 50% of the bioa- 
vailability of intravenous ranitidine (110). Most of the 
drug is excreted in urine unchanged with an elimi- 
nation half-life of approximately 2 hours (111). Ona 
molar basis, ranitidine is 4 to 7 times more active than 
cimetidine as an antisecretory agent. Dammann and 
associates (114) have shown in two different studies 
that a single dose of 100 mg of oral ranitidine in- 
creased gastric pH to greater than 7.0 for 7 to 8 hours, 
whereas a single dose of 150 mg administered orally 
suppressed basal acid output by 70% and pentagas- 
trin-stimulated secretion by 40% in healthy volun- 
teers. In addition, 150 mg of ranitidine administered 
orally three times daily produced gastric pH values of 
7.0 for 24 hours in patients undergoing parenteral 
nutrition with previous intragastric pH levels of 2.0 
or less (Fig 5); an average gastric pH of 4 was main- 
tained even 12 hours after the last dose of ranitidine. 
In a report by Pedan and co-workers (108), nearly 
total inhibition of acid secretion was achieved during 
a 12-hour overnight period after a single oral dose of 
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80 mg of ranitidine with a standard evening meal, 
whereas cimetidine, 300 mg, inhibited only 66% of 
acid secretion. In preliminary clinical studies (113) 
ranitidine dose of only 100 mg twice daily exerted 
beneficial effects on duodenal ulceration with a heal- 
ing rate that was at least as favorable as with standard 
cimetidine regimen. Johnston and co-workers (116) 
compared the efficacy of ranitidine for preoperative 
prophylaxis with that of cimetidine administered 
orally or intravenously. Compared with placebo, 400 
mg of cimetidine administered either orally or intra- 
venously consistently increased gastric pH to greater 
than 2.5 and reduced the volume in all the patients 
only when administered 2 to 3 hours before induction 
of anesthesia, whereas ranitidine, 80 mg intravenously 
or 150 mg orally, produced a similar effect when 
administered 2 to 7 hours before induction. During 
short-term clinical evaluations and toxicologic studies 
by the manufacturer, there were no obvious side 
effects that would preclude the use of this new com- 
pound in man. Ranitidine does not inhibit drug me- 
tabolism by microsomal enzyme systems as does 
cimetidine when given in equipotent doses (117-119). 

Tiotidine, a highly specific competitive Hg-antago- 
nist, differs structurally from cimetidine in the het- 
erocyclic moiety while resembling cimetidine in hav- 
ing an identical side chain (Fig 1, C). In conscious 
dogs, tiotidine is at least 10 times more potent than 
cimetidine as an inhibitor of histamine-stimulated 
gastric secretion (120), Tiotidine has demonstrated 
potent and long-acting He-receptor blocking activity 
in healthy human volunteers, as well as in patients 
with duodenal ulcers (121-123). Tiotidine is well ab- 
sorbed after oral administration with an elimination 
half-life of approximately 2% hours (123). Although 
tiotidine is 10 times more potent than cimetidine on 
molar basis, oral tiotidine is only approximately 3 
times more potent than an equal dose of cimetidine 
due to major differences in bioavailability (123). Val- 
enzuela et al (121) demonstrated prolonged, dose- 
related reduction of nocturnal acid secretion after 
25-, 50-, 100-, and 150-mg doses of oral tiotidine. T'he 
inhibition of hydrogen ion secretion was, respectively, 
80%, 89%, 96%, and 98% of that observed after pla- 
cebo, whereas 300 mg of cimetidine caused 87% in- 
hibition. Richardson et al (122) have shown that 300 
mg of oral tiotidine was more effective than 300 mg 
of oral cimetidine in suppressing food-stimulated acid 
secretion in patients with duodenal ulcers (Fig 6). 
Longer duration of action was demonstrated by the 
fact that from 5 to 7 hours after administration, acid 
secretion was inhibited 80% and 97% by 150 and 300 
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Fig 6. Comparison of effect of placebo, 300 mg of cimetidine, 
or 300 mg of tiotidine on mean acid secretion in response to an 
infused steak meal in patients with duodenal ulcers (Reproduced 
with permission from Richardson et al [121]). 


mg of oral tiotidine, respectively, with significant 
suppression lasting more than 12 hours. There have 
been no major side effects observed in preliminary 
clincal reports and tiotidine has been shown experi- 
mentally to be devoid of antiandrogenic and cardiac 
effects in concentrations producing adequate Hp:-re- 
ceptor blockade (124). 

Oxmetidine (SKF 92994), an imidazole derivative, 
differs from cimetidine in that it has an isocytosine 
ring instead of cyanoguanidine in the side chain (57, 
125). Even though animal data suggest that oxmeti- 
dine is longer acting and more potent than cimetidine, 
its effect in man on nocturnal and food-stimulated 
acid secretion appears to be similar to that of cimeti- 
dine in duration after oral administration (57). It is 8 
to 10 times more potent than cimetidine on molar 
basis, but the oral compound is only twice as potent 
as cimetidine. Oxmetidine, unlike cimetidine, does 
not inhibit mixed function oxidase-mediated drug 
elimination (119). 

SKF 93479, a furan derivative, is a potent, long- 
acting highly selective He-receptor antagonist (58, 
126). Preliminary results suggest that the significant 
antisecretory effect is maintained for 8 hours and that 
on a molar basis it is approximately 10 to 20 times 
more potent than cimetidine. It is well absorbed after 
oral administration with a mean elimination half-life 
of approximately 5 hours (126). No untoward effects 
have been noted in the preliminary clinical studies 
which involve a small number of patients: 


Discussion 


Although cimetidine is approved only for the treat- 
ment of peptic ulcer disease and the Zollinger-Ellison 
syndrome in the United States, it is frequently used 
with benefit in various other conditions such as gastric 
ulcer, esophagitis, acute gastrointestinal hemorrhage 
in liver disease, pancreatic insufficiency, prophylaxis 
against stress ulceration, and as a premedicant before 
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induction of anesthesia to increase the pH and reduce 


the volume of gastric secretions. A large number of ' 


patients undergoing surgery are at risk of pulmonary 
damage if tracheal aspiration of gastric contents 
should occur. Sudden regurgitation, imcompetence of 
lower esophageal sphincter, gastric hypersecretion, 
gastric dilation, position-dependent reflux, and un- 
expected difficult tracheal intubations are all predis- 
posing factors for aspiration. As Coombs and Hooper 
(127) also point out, the risk of acid gastric pH may 
extend throughout the operation, and extubation may 
be as hazardous as intubation. Hence, the desirability 
of increasing the gastric fluid pH toward neutral and 
reducing the gastric volume before induction of an- 
esthesia. 

Presently antacids, anticholinergics, cimetidine, and 
metoclopramide are available for prophylaxis. The 
value of antacids and anticholinergics is questionable. 
Metoclopramide, recently approved for the treatment 
of esophageal reflux, stimulates the motility of upper 
gastrointestinal tract without stimulating gastric, bi- 
lary, or pancreatic secretions (128). The exact mech- 
anism of its action is unclear, but the effect on motility 
can be abolished by anticholinergic drugs. Most 
likely, the gastric pH is minimally affected by meto- 
clopramide. Metoclopramide may, however, produce 
sedation and extrapyramidal reactions (128). Experi- 
ence with metoclopramide is limited at present, so 
conclusions cannot be drawn regarding its possible 
use for prophylaxis to reduce gastric volume and 
acidity. Among the available agents for clinical use, 
cimetidine offers a relatively easy, effective, and reli- 
able pharmacologic approach to increasing gastric pH. 

The effects of cimetidine on the gastric pH and 
volume have been fairly well studied in elective sur- 
gical patients. It appears certain that cimetidine in- 
creases gastric pH to a relatively safe range in at least 
67% of patients, and, indeed, it has been reported to 
be effective in 100% of patients in several studies. 
Unfortunately, published experience of cimetidine 
use in emergency and pediatric anesthesia is limited 
to small numbers of patients. Results are encouraging 
in these clinical trials, as cimetidine increased the pH 
to greater than 2.5 in 80% of the patients having 
emergency surgery and 100% of pediatric patients. 
The available clinical data from several studies in 
obstetric anesthesia show its efficacy in increasing 
gastric pH without concomitant increase in gastric 
volume in patients undergoing cesarean section with 
no adverse effects on the parturient or the fetus, or 
on progress of labor (45-49, 69, 70). Even though H2- 
receptors are found in the myometrium of the uterus, 
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no significant effects of cimetidine on uterine function 
have been found in humans or animals (69, 70). To 


- date, we are not aware of any clinical reports evalu- 


ating efficacy of cimetidine prophylaxis in ambulatory 
surgical patients. Hence clinical trials are warranted 
in ambulatory surgical patients; there is scope for 
further clinical trials in patients undergoing emer- 
gency surgery, in morbidly obese individuals, and in 
neonates, infants, and children. 

Even though it appears certain that cimetidine in- 
creases gastric pH, it also appears to be equally certain 
that its action on gastric volume is variable. Some 
investigators find no significant reduction in gastric 
volume at the time of induction of anesthesia with 
cimetidine prophylaxis. Others have found cimetidine 
effective in reducing gastric volume. The potentiation 
of the inhibitory action of cimetidine on H2-receptors 
by simultaneous administration of anticholinergics 
reported by Richardson (41) and Feldman et al (67) 
may prove to be clinically useful in clinical practice. 

Concerning the route of administration, parenteral 
administration is claimed to be superior to oral ad- 
ministration (24, 26, 31, 42, 43). Although onset of 
action is faster and an earlier peak inhibitory effect is 
seen with parenteral routes of administration, clini- 
cally effective serum levels are maintained for 4 hours 
by either route. However, rapid intravenous admin- 
istration of cimetidine is usually ill advised, given the 
possibility of untoward cardiovascular system effects. 
Intramuscular cimetidine is safe and acceptable with- 
out any untoward systemic or local reactions (129). 

Multiple-dose regimens for administration of ci- 
metidine appear to be more effective than single 
doses, especially when oral cimetidine is used. Weber 
and Hirshman (26) found, in their study of different 
regimens, oral cimetidine, 300 mg, at bedtime with an 
intramuscular dose of 300 mg of oral cimetidine in 
the morning to be superior to all other regimens (Fig 
4); 300 mg of oral cimetidine at bedtime and in the 
morning was the second choice. The interval between 
the administration of cimetidine and induction of 
anesthesia plays an important role because the onset 
of action of cimetidine occurs after 60 to 90 minutes 
with the peak inhibitory action occurring 120 to 150 
minutes after oral administration. The value of the 
bedtime dose is stressed, because although cimetidine 
reduces or stops production of gastric acid, it does not 
influence the pH of gastric contents already present 
(25, 30, 47). Duration of the effect of cimetidine is 
such that for most procedures lasting up to 3 hours, 
the gastric residue pH is likely to remain greater than 
2.5, thus providing protection during perioperative 
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period and at the time of extubation (25, 30, 43, 127). 
It will be interesting to see the effect of preoperative 
cimetidine prophylaxis on the frequency of silent 
regurgitation under anesthesia in well controlled clin- 
ical studies. Even though experience to date is limited, 
Joyce and co-workers (130) reported minimal pul- 
monary lesions in rabbits with the aspiration of 
strained liquid gastric contents after cimetidine treat- 
ment. 

Kruss and Litmand (131) concluded that the cimet- 
idine is safe enough to be given under supervision for 
periods not exceeding 8 weeks. So far, no complica- 
tions have been reported in various clinical studies 
conducted to evaluate the ability of cimetidine to 
increase the gastric pH before surgery in elective or 
emergency surgery and in pediatric or obstetric pa- 
tients. Drug interaction with benzodiazepines may, 
however, prolong recovery from general anesthesia. 
In these cases physostigmine maay be of value in 
reversing the sedation as it is claimed to reverse the 
sedation produced by cimetidine (75) as well as di- 
azepam (132). 

It should be remembered that increasing the gastric 
fluid pH toward neutral is not a guarantee against 
regurgitation or aspiration and will not replace expert, 
vigilant anesthetic administration. However, if 
properly applied, Ha-receptor blockade may signifi- 
cantly reduce the perioperative risk of acid aspiration 
and resultant pulmonary injury. As cimetidine is the 
only He-receptor blocker approved for clinical use, it 
is the choice drug in day-to-day clinical practice of 
anesthesia. Hence, routine inclusion of cimetidine in 
the preoperative therapy has been suggested, prefer- 
ably in addition to glycopyrrolate. Even though results 
with parenteral administration are impressive, a mul- 
tidose oral regimen appears to be relatively easy and 
effective. This includes 300 mg in adults and 7.5 mg/ 
kg in liquid form in children administered orally at 
bedtime and in the morning, with a repeat dose after 
4 to 5 hours. Parenteral administration either by 
intramuscular route or slow intravenous infusion is 
recommended for patients with a high index of sus- 
picion of vomiting and regurgitation; these include 
patients with full stomach, suspected difficult intu- 
bation, and hiatal hernia with esophageal reflux, as 
well as morbidly obese and obstetric patients. 

New Hp2-receptor antagonists appear to be more 
potent and longer acting than cimetidine in clinical 
trials. Due to their higher antagonistic activity, these 
new Hp-receptor antagonists may have fewer side 
effects than cimetidine, and in the short-term clinical 
trials in humans, no evidence of serious side effects 


has emerged. Ranitidine and oxmetidine (117-119) do 
not inhibit microsomal enzyme metabolism of drugs 
in the liver in clinical doses. The effect of tiotidine on 
drug interactions is not known yet, but it apparently 
does not affect cardiac function (124). Ranitidine has 
been shown to be effective for preanesthetic prophy- 
laxis even 7 hours after the drug was administered, 
demonstrating its beneficial prolonged action. Proven 
high potency and prolonged action with probable 
minimal side effects and noninterference with drug 
metabolism of these agents will add to the safety and 
efficacy of preoperative prophylaxis against acid as- 
piration. One of these new H2-receptor blockers may 
emerge as an ideal agent in the near future. We look 
forward to further clinical trials aimed at increasing 
the gastric pH and reducing the gastric volume for 
prophylaxis in the surgical patient population un- 
dergoing anesthesia. 

As cimetidine is not approved by the Food and 
Drug Administration for preoperative prophylaxis, 
caution should be exercised in prescribing it to pa- 
tients with medical illnesses, especially renal and 
hepatic failure, and especially geriatric and pediatric 
patients. It may be necessary to obtain institutional 
approval for routine preoperative administration. 
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In order to characterize further the in vitro liver microsomal O- 
demethylation and defliuorination of the volatile anesthetic me- 
thoxyflurane, and obtain additional information regarding the 
participation of cytochrome P-450 in the oxidation, the stoichi- 
ometry of the reaction was determined and the effect of antibody 
to cytochrome P-450 reductase on this unique biotransformation 
was examined. Liver microsomes were isolated from rabbits and 
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by phenobarbital. The O-demethylation of methoxyflurane by 
phenobarbital-induced microsomes results in the production of 
1 mol of formaldehyde for every 2 mol of fluoride ion produced. 
Dichloroacetic acid is also a product of methoxyflurane O-de- 
methylation. Antibody to cytochrome P-450 reductase inhibits 
by 85% the amount of fluoride ion produced by the microsomal 
metabolism of methoxyflurane. Thus critical indirect supportive 
data are contributed to the hypothesis that at least one, but 
perhaps more, cytochrome P-450 is indeed responsible for 
methoxyflurane O-demethylation and defluorination. 


Key Words: ANESTHETICS, Volatile: methoxyflurane; BIO- 
TRANSFORMATION (Drug): methoxyflurane. 


Isoflurane (CFsCHCIOCHF.), enflurane (CHF2 
-OCFeCHCIF), and methoxyflurane (CH:OCF; 
-CHCl,) are three volatile anesthetics with similar 
chemical structures. Each anesthetic is a halogenated 
ethyl methyl ether. Methoxyflurane is seldom used 
today because of its nephrotoxicity, whereas enflur- 
ane and isoflurane are clinically important volatile 
anesthetics. Under certain circumstances enflurane is 
thought to be minimally nephrotoxic due to its me- 
tabolism to fluoride ion (1). The recently introduced 
anesthetic, isoflurane, has not yet been implicated in 
any toxic reaction. Methoxytlurane, in contrast to 
enflurane and isoflurane, is extensively metabolized 
to readily quantitated metabolites. Therefore, we have 
elected to use methoxyflurane as a model anesthetic 
to learn more about the metabolism of the clinically 
important volatile anesthetics. 

This paper is concerned with the O-demethylation 
and defluorination pathway of methoxyflurane me- 
tabolism rather than the dechlorination pathway (Fig- 
ure). The reasons for this choice are 2-fold. First, 
several of the metabolites of the O-demethylation 
(but not the dechlorination) pathway can be directly 
and readily quantitated. Second, the fluoride ion pro- 
duced by O-demethylation is nephrotoxic. O-De- 
methylation is, therefore, a clinically important route 
of methoxyflurane metabolism. At present, it is not 
known whether methoxydifluoroacetic acid, the ma- 
jor metabolite of methoxyflurane in man, is metabo- 
lized to produce fluoride ion (2). 


ANESTHESIA AND ANALGESIA 
Vol 61, No 7, July 1882 


609 


TECHNICAL COMMUNICATION 


Methoxyflurane 
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+ 
-C- + 
Çi 


dichloroacetic acid 


FI@uRE. Hypothetical pathway of methoxyflurane metabolism by 
cytochrome(s) P-450. O-Demethylation pathway is shown on 
right; dechlorination pathway is shown on left. 


The cytochromes P-450 are a family of mixed- 
function oxidases found in high concentration in the 
endoplasmic reticulum of the liver. They are respon- 
sible for the metabolism of a variety of xenobiotics, 
carcinogens, and endogenous compounds such as ste- 
roids, prostaglandins, vitamin D, and fatty acids. Each 
cytochrome P-450 possesses a unique substrate spec- 
ificity which frequently overlaps with that of another 
cytochrome P-450. It is possible for more than one 
form of a cytochrome P-450 to metabolize the same 
substrate. However, the different cytochromes P-450 
would metabolize the substrate at different rates and 
frequently yield different products, 

The evidence presented in this paper, namely, the 
dependence of methoxyflurane biotransformation on 
cytochrome P-450 reductase and the demonstration 
that this reaction is an oxidative process with the 
expected stoichiometry of a cytochrome P-450 cata- 
lyzed reaction, in addition to that provided by a 
number of other investigators, suggests that one or 
more cytochrome P-450 is involved in the O-demeth- 
ylation of methoxyflurane (3-8). The indirect evi- 
dence provided by other researchers on this question 
includes the facts that the O-demethylation of me- 
thoxyflurane: (a) is catalyzed by a liver microsomal 
enzyme (3, 4); (b) is inhibited by carbon monoxide, 
SKF-525A, and metyrapone, all moderately specific 
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cytochrome P-450 inhibitors (3, 7); (c) is induced by 
prior treatment of the animal with phenobarbital, a 
known inducer of cytochrome P-450 and other en- 
zymes (3, 4, 7, 8); (d) is decreased when the three 
hydrogen atoms on the methoxy group are substituted 
with deuterium atoms [this evidence is consistent with 
the proposed mechanism of oxidation of the carbon- 
hydrogen bond by cytochrome P-450 which is 
thought to proceed by an initial hydrogen abstraction 
to give a carbon radical intermediate (9)]; and (e) 
requires oxygen and nicotinamide-adenine dinucleo- 
tide phosphate (NADPH) (3-5, 7). Furthermore, O- 
dealkylation of xenobiotics is a reaction characteris- 
tically catalyzed by cytochrome P-450 (10). These 
numerous indirect lines of evidence all suggest that 
cytochrome(s) P-450 catalyzes methoxyflurane O-de- 
methylation. But, no single piece of this body of 
evidence is a direct, conclusive demonstration that 
cytochrome(s) P-450 really does O-demethylate me- 
thoxyflurane (11). The studies of methoxyflurane me- 
tabolism described in this paper provide further in- 
formation about liver microsomal O-demethylation 
of a volatile anesthetic and the role of cytochrome P- 
450 in this process. 


Methods 


Male New Zealand rabbits weighing 2 kg each, and 
male Fischer 344 rats weighing 200 g each, were given 
phenobarbital to produce hepatic microsomal enzyme 
induction. Phenobarbital was added to the animals’ 
drinking water at a final concentration of 1 mg/ml for 
7 days before they were killed. The animals fasted for 
12 hours before they were killed. Microsomes were 
isolated as described by Haugen et al (10). The reac- 
tion mixture contained 1 mg/ml of microsomal pro- 
tein, 1 unit per milliliter of glucose-6-phosphate de- 
hydrogenase, 5 mm _ glucose-6-phosphate, 1 mM 
NADP, 0.05 _tris(hydroxymethyl)aminomethane 
(Tris) buffer at pH 7.4 and 1 pl of methoxyflurane. 
The reaction was performed in closed vials at 37°C 
for 30 minutes in a shaking water bath during which 
time the metabolism of methoxyflurane was linear. It 
was terminated by heating in a 75°C water bath for 
2 minutes if fluoride ion was measured or by the 
addition of trichloroacetic acid to a final concentration 
of 7% if formaldehyde was measured. Appropriate 
standards of formaldehyde and fluoride ion were 
used. In the incubation mixtures with rat microsomes 
it was necessary to add ethylenediaminetetraacetic 
acid (EDTA) to a final concentration of 1 mm. Form- 
aldehyde was measured as described by Nash (12). 
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Fluoride ion concentration was measured with an 
Orion fluoride-ion specific electrode. 

Dichloroacetic acid was detected using the follow- 
ing procedure which was developed in our laboratory. 
The sample to be examined (either a solution contain- 
ing a known amount of dichloroacetic acid or the liver 
microsomal reaction mixture) was acidified to pH 1 
with HCI and extracted six times with an equal vol- 
ume of diethyl ether. An excess of diazomethane in 
diethyl ether was added to the microsomal extract. 
The mixture was allowed to stand at room tempera- 
ture in a closed vial for 2 hours. It was then evaporated 
to approximately 0.5 ml under a stream of nitrogen. 
Toluene, 0.5 ml, was added to the resulting solution 
to decrease its volatility. The toluene and diethyl ether 
mixture (2 ul), containing the methyl ester of dichlo- 
roacetic acid, was injected into a Varian 5730A gas 
chromatograph equipped with a Ni® electron capture 
detector. A %-in diameter, 4-ft long glass column 
packed with Chromosorb-101 was used. Tempera- 
tures of the injector, column, and detector were 
210°C, 160°C, and 260°C, respectively. The carrier 
gas was argon/methane (95%/5%) with a 60-ml/min 
flow rate. The retention time of an authentic sample 
of the methyl ester of dichloroacetic acid was identical 
with that of the dichloroacetic acid and the micro- 
somal reaction mixture that had been subjected to the 
previously described procedure. 

The antibody to rabbit cytochrome P-450 reductase 
and control gamma-globulin were supplied by Drs. 
Eric Johnson and U. Muller-Eberhard. The antibody 
to the purified cytochrome-P-450 reductase was raised 
in goats. 


Results and Discussion 


The experiments were performed with liver micro- 
somes isolated from phenobarbital-induced animals 
so that metabolism of methoxyflurane by microsomes 


TABLE 1 


Inhibition of Methoxyflurane O-Demethylation in Rabbit Liver 
Microsomes by Antibody to Cytochrome P-450 Reductase* 





F-t 
Complete system + control |, 75 
Complete system + ab to cytochrome P-450 reduc- 11 


tase 


* This reaction was carried out as described under 
Methods.” Control immunoglobulin and antibody to cyto- 
chrome P-450 reductase were added to the reaction mixture to 
a final concentration of 5 mg of protein per milliliter. 

+ Nanomoles of fluoride ion (F~) produced per milligram 
microsomal protein per hour. 


would produce readily quantifiable levels of metab- 
olites. The data obtained when liver microsomes were 
treated with antibody to cytochrome P-450 reductase 
are shown in Table 1. These results demonstrate that 
antibody against cytochrome P-450 reductase, but not 
control gamma-globulin, inhibits the microsomal O- 
demethylation of methoxyflurane by 85%. In control 
experiments it could be demonstrated that the micro- 
somal metabolism of benzphetamine, a compound 
known to be metabolized by purified reconstituted 
cytochrome P-450, is inhibited by 80% using a similar 
ratio of antibody to cytochrome P-450 reductase (data 
not shown). Also, purified cytochrome P-450 reduc- 
tase was shown not to O-demethylate methoxyflurane 
(Œ. Canova-Davis and L. Waskell, unpublished obser- 
vations). 

Our demonstration of the dependence of methox- 
yflurane microsomal O-demethylation on cyto- 
chrome P-450 reductase argues strongly that cyto- 
chrome(s) P-450 catalyzes the O-demethylation. 
However, it is not direct proof of this fact as another 
enzyme called heme oxygenase, which is not a cyto- 
chrome P-450, nevertheless requires cytochrome P- 
450 reductase for activity in converting hemin to 
biliverdin (13) both in microsomes and a reconstituted 
system. 

The data presented in Table 2 reveal that 2 mol of 
fluoride ion are produced by liver microsomal metab- 
olism of methoxyflurane for every 1 mol of formal- 
dehyde produced. This is the expected stoichiometry 


TABLE 2 


Production of Formaldehyde (CH20) and Fluoride lon (F7) 
from Methoxyflurane by Hepatic Microsomes* 


Phenobarbital-induced species 


Rat Rabbit 

Nmol of cytochrome P-450/ 2.36 z= 0.25 3.38 40.3 
mg of microsomal protein 

Nmol of CH2O produced/mg 12.5 + 0.18 21.0 + 3.95 
of microsomal protein/30 
min 

Nmol of CH20 produced/ 5.3 +4 0.01 6.26 + 1.15 
nmol of cytochrome P-450 

Nmol of F~ produced/mg of 26.0 + 3.2 43.8 +7 
microsomal protein/30 min 

Nmol of F- produced/nmoicf 11.0 + 1.4 12.9 + 2.14 
cytochrome P-450/30 min 

Ratio of F~-/CH20 2.1 2.07 





* These experiments were performed in duplicate on two 
separate occasions when the reaction was linearly dependent 
upon the protein concentration and time of reaction. Results are 
expressed as the mean + SD. 
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if methoxyflurane is oxidized according to the follow- 
ing hypothetical pathway (14): 
Cl F H 


fe | 


H—C—C C—H cytocnrome P-450 


po Oz, NADPH 
Ci F H 
methoxyflurane 
H CI O 
| #4 
2 HF + C=0 + H-C—C 
ra LON 
H CI OH 
formaldehyde dichloroacetic acid 


The mechanism that has been proposed (15) for the 
above reaction is: 


C F H 
i | | 
H-C—C—O—C—-H 


| | | 
Cl F H 


cytochrome P-450 
O», NADPH 


Cl F H 

t | | 
H—C--C--O—C—OH > 

| | | 


CI F H 

CI F 

| | 
H--C—-C—OH + CH2O 

| | 

Cl F 

spontaneously 
HF 

Cl F Cl O 

Lt. eee A 
H--C—C=0 m HCC + HF 

| | oS 

Cl Cl OH 


Our results indicate that fluoride ion is a byproduct 
of the oxidation of methoxyflurane. 

The pathway of methoxyflurane metabolism de- 
picted above predicts that dichloroacetic acid is a 
product of the O-dealkylation. Although we have not 
yet determined the stoichiometry of dichloroacetic 
acid production, we have established that it is a 
product of methoxyflurane biotransformation in rab- 
bit liver microsomes. This has been accomplished by 
demonstrating that a compound can be extracted from 
a microsomal reaction mixture which on methylation 
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has the same retention time in a gas chromatograph 
(see “Methods’”) as does an authentic sample of 
methyl dichloroacetate (CClAICOOCHs). A micro- 
somal reaction mixture that was not exposed to me- 
thoxyflurane did not produce this compound. Also, 
if an authentic sample of dichloroacetic acid was 
added to a microsomal reaction mixture and the com- 
bination was treated as was the sample exposed to 
methoxyflurane, a product with a retention time iden- 
tical with methyl dichloroacetate was observed. 

The question of whether or not dichloroacetic acid 
is a metabolite of methoxyflurane metabolism in man 
has not yet been resolved. In 1970, Holaday and co- 
workers (14) had reported that dichloroacetic acid was 
a metabolite of methoxyflurane, but, in a later publi- 
cation (2), they reported that they were unable to 
confirm their original observation. As man is known 
to O-demethylate methoxyflurane, it is likely, espe- 
cially in view of the data provided in this article, that 
dichloroacetic acid is a product of the reaction. 

It is also revealed in Table 2 that on a molar basis, 
cytochrome P-450 from rats and rabbits was equally 
capable of metabolizing methoxyflurane to formal- 
dehyde and fluoride ion, but that rabbit microsomes 
had a higher concentration of cytochrome P-450 per 
milligram of microsomal protein. 

In order to observe the 2:1 stoichiometric produc- 
tion of fluoride ion and formaldehyde, it was neces- 
sary to add EDTA to a final concentration of 1 mm to 
the rat (but not the rabbit) reaction mixture to inhibit 
microsomal lipid peroxidation (16). The product(s) of 
lipid peroxidation interferes with the quantitation of 
formaldehyde. Lipid peroxidation occurs to a much 
greater extent in rat liver microsomes because of their 
relatively high concentration of the polyunsaturated 
fatty acids that are capable of being peroxidized: 
arachidonic, docosatetraenoic, docosapentaenoic, and 
docosahexaenoic acids (16-19). In rats, 30% of the 
liver microsomal fatty acids consist of these polyun- 
saturated fatty acids vs 9% in rabbits (18, 19). Form- 
aldehyde is not metabolized by microsomes under 
our experimental conditions. 

In conclusion, although it has been assumed on the 
basis of indirect evidence that cytochrome P-450 me- 
tabolizes methoxyflurane and the other volatile an- 
esthetic agents, no direct proof of this exists to date. 
The experiments described in this paper contribute 
critical supportive data to the hypothesis that at least 
one, but perhaps more, cytochrome P-450 is solely 
responsible for the O-demethylation of methoxyflur- 
ane. Studies with purified, reconstituted cytochrome 
P-450 are now in progress in our laboratory. 


10. 


TECHNICAL COMMUNICATION 


REFERENCES 


. Mazze RI, Calverley RK, Smith NT. Inorganic fluoride neph- 


rotoxicity. Anesthesiology 1978;46:265-71. 


. Yoshimura N, Holaday DA, Fiserova-Bergerova V. Metabolism 


of methoxyflurane in man. Anesthesiology 1976;44:372-9. 


. Ivanetich K, Lucas SA, Marsh JA. Enflurane and methoxyflur- 


ane: their interaction with hepatic cytochrome P-450 in vitro. 
Biochem Pharm 1979;28:785-92. 


. Greenstein LR, Hitt BA, Mazze RI. Metabolism in vitro of 


enflurane, isoflurane, and methoxyflurane. Anesthesiology 
1975;42:420~4, 


. Cook TL, Beppu WJ, Hitt BA, et al. A comparison of renal 


effects and metabolism of sevoflurane and methoxyflurane in 
enzyme-induced rats. Anesth Analg 1975;54:839~-4. 


. McCarty LP, Malek RS, Larsen ER. The effects of deuteration 


on the metabolism of halogenated anesthetics in the rat. Anes- 
thesiology 1979;51:106~-10. 


. Takahashi S, Karashima D, Shigematsu A, Furukawa T. Form- 


aldehyde formation as a metabolite of methoxyflurane. An- 
aesthesist 1977:26:135~-7. 


. Hitt BA, Mazze RI, Denson DD. Probe of methoxyflurane 


defluorination. Drug Metab Dispos 1979;7:446-7, 


. Groves JT, McClusky GA, White R, Coon MJ. Aliphatic hy- 


droxylation by highly purified liver microsomal cytochrome P- 
450: evidence for a carbon radical intermediate. Biochem Bio- 
phys Res Commun 1978;81:154~60. 


Haugen DA, Van der Hoeven TA, Coon JM. Purified liver l 


11. 


12. 


13. 


14, 


15. 


16. 


17. 


18. 


19. 


microsomal cytochrome P-450. J Biol Chem 1975;250:3567-70, 
Burke MD. Cytochrome P-450: a pharmacological necessity or 
a biochemical curiosity? Biochem Pharmacol 1981;30:181-7. 
Nash T. The colorimetric estimation of formaldehyde by means 
of the Hantzsch reaction. J Biol Chem 1953;55:416~24. 
Yoshida T, Kikuchi G. Purification and properties of heme 
oxygenase from pig spleen microsomes. J] Biol Chem 
1978; 253:4224-9. 

Holaday DA, Rudofsky S, Teuhoft. The metabolic degradation 
of methoxyflurane in man. Anesthesiology 1970;33:579-93, 
Loew G, Motulsky H, Trudell J, et al. Quantum chemical 
studies of the metabolism of the inhalation anesthetics me- 
thoxyflurane, enflurane, and isoflurane. Mol Pharmacol 
1974; 10:406-18, 

Jacobsen M, Levin W, Lu A, et al. The rate of pentobarbital 
and acetanilide metabolism by liver microsomes: a function of 
lipid peroxidation and degradation of cytochrome P-450 heme. 
Drug Metab Dispos 1973;1:766-74, 

May H, McCay PB. Reduced triphosphopyridine nucleotide 
oxidase catalyzed alterations of membrane phospholipids. J 
Biol Chem 1968;243:2288-95. 

Suzuki Y, Depierre J, Ernster L. The proliferation of hepato- 
cytes and the lipid composition of endoplasmic reticulum after 
induction of drug metabolizing enzymes with transstilbene 
oxide. Biochim Biophys Acta 1980;601:532~43. 

Moore L, Knapp H, Landon EJ. An effect of estradiol and 
testosterone on the calcium pump activity and phospholipid 
fatty acid composition of rat liver microsomes. Endocrinology 
1977;100:1516-20. 


ANESTHESIA AND ANALGESIA 
Vol 61, No 7, July 1982 


613 





CLINICAL 
reports 


Unprecedented Resistance 
to Neuromuscular 
Blocking Effects of 
Metocurine with 
Persistence after 
Complete Recovery in a 
Burned Patient 


J. A. Jeevendra Martyn, MD, FFARCS,* 
Richard S. Matteo, MD,f 

Stanislaw K. Szyfelbein, MD,ł and 
Richard F. Kaplan, MD§ 


Metocurine (mTC), a non-depolarizing muscle re- 
laxant, is a synthetic derivative of d-tubocurarine. 
Non-depolarizing muscle relaxants such as mTC have 
become the drugs of choice for skeletal muscle relax- 
ation following burns because of the hyperkalemia 
and cardiac arrest that can occur following the admin- 
istration of a depolarizing muscle relaxant such as 
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succinylcholine (1). Recently it has been demonstrated 
that burned patients have higher dose and plasma 
concentration requirements for non-depolarizing 
muscle relaxants than nonburned patients to achieve 
a given degree of skeletal muscle blockade (2, 3). In 
this communication, we document not only an un- 
precedented resistance to the neuromuscular blocking 
effects of mTC in an 8-year-old child with a 35% body 
surface area burn, but also its persistence for more 
than 1 year after complete healing of the burn 
wounds. 


Case Report 


An 8-year-old boy, having sustained a 35% body surface 
area burn, was transferred to our institution on the 42nd 
postburn day. He was markedly asthenic, weighing only 
15.5 kg. Surgical excision and grafting of burn wounds were 
performed on the 50th, 65th, and 72nd postburn days. His 
burn wounds were completely healed and he was dis- 
charged on the 90th postburn day. He was readmitted 13 
months later (463 postburn days) for plastic and reconstruc- 
tive surgery. His anesthetic regimen for the four surgical 
procedures consisted of thiopental, nitrous oxide/oxygen 
mixture, and morphine. During these procedures, neuro- 
muscular transmission was studied with Grass FT-03 force 
displacement transducer. Evoked thumb adduction was re- 
corded in response to a single repeated square wave stim- 
ulus applied to the ulnar nerve at the wrist through 22- 
gauge subcutaneous needles. The electrical impulse was 
delivered at supramaximal voltage by a Grass 5-44 stimu- 
lator through a SIUS isolation unit. The stimulus was 0.2- 
msec duration, at a rate of 0.1 Hz. 

When stable base line twitch recordings were established 
for 10 to 15 minutes, incremental doses of mTC (0.1 to 0.3 
mg/kg) were administered intravenously approximately ev- 
ery 3 minutes until 95% to 98% twitch depression was 
attained. During recovery of the twitch tension, blood sam- 
ples were drawn at intervals from a separate venous catheter 
for measurement of plasma mTC concentration by radioim- 
munoassay (4). The twitch tension at the time of blood 
sampling was noted. The time taken for recovery from 5% 
to 25% of control twitch height was also noted. The mag- 
nitude of neuromuscular blockade was calculated as a de- 
crease in twitch height expressed as percentage of control 
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twitch height. Dose-effect (paralysis) and plasma concentra- 
tion-effect relationships were plotted on log-probit coordi- 
nates. The best-fit line was determined by probit regression 
(5). EDgs and EDs9 dose and plasma mTC concentrations 
were derived from each regression line. The dose-effect and 
the plasma concentration-effect relationships in this patient 
during the four anesthetics were compared with the mean 
response of 11 nonburned pediatric surgical patients having 
the same anesthetic technique. 


Results 


There was a statistically highly significant (p < 
0.01) correlation between dose vs twitch inhibition 
and plasma mTC concentration vs twitch recovery. 
The intravenous doses of mTC required for 95% 
depression of the evoked twitch response were 4.0, 
1.6, 1.1, and 0.6 mg/kg on the 50th, 65th, 72nd, and 
463rd postburn days, respectively, compared with 
0.32 + 0.02 (SE) mg/kg in control patients. In other 
words, the dose for 95% twitch depression varied 
between 2 and 12 times normal. The highest dose was 
administered at the first excision and grafting proce- 
dure. This was followed by a sequential reduction in 
the dose requirement with time (Figure). One year 


after complete recovery (463 postburn days), the aug- 


mented dose-response curve had not reverted to con- 
trol values. The administered mTC was well main- 
tained within the circulation throughout the study 
period, as evidenced by the elevated or normal plasma 
levels (Table). During administration of the four an- 
esthetics, the plasma concentrations needed for twitch 
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FiGURE. Dose-response curves for each study. Highly signifi- 
cant correlation ( p < 0.01) was found between intravenous dose 
and percent twitch inhibition. Control data consisted of non- 
burned pediatric patients. Although there is gradual decrease in 
intravenous dose with time, augmented dose requirement had 
not reverted to normal after 463 days. 


depression to 95% of control values varied between 
1.25 and 9.6 ug/ml compared with 1.42 + 0.29 (SE) 
ug/ml in contro! patients (Table). The highest plasma 
concentration was required for the first surgical pro- 
cedure. The mean times for recovery of twitch tension 
from 5% to 25% of control twitch height were 29 + 2 
minutes and 28 + 3.5 minutes in the burned patient 
and control subjects, respectively. In all four in- 
stances, at the end of surgery neuromuscular paralysis 
was adequately reversed with the usual doses of 
atropine, 10 to 20 pg/kg, and neostigmine, 25 to 40 
ug/kg. There was no evidence of recurarization in the 
postoperative period. 


Discussion 


Prior studies (2, 3) have demonstrated that follow- 
ing acute thermal injury non-depolarizing muscle re- 
laxant requirements vary between 2 and 3 times nor- 
mal. The response of the present patient is different 


‘from the mTC response of the burned pediatric pa- 


tients (3), in that at one stage much higher doses and/ 
or plasma concentrations of mTC were required and 
that this difference persisted even at 463 postburn 
days, which was more than 1 year after complete 
wound healing. Despite the augmented mTC require- 
ment, the mean time for recovery of twitch tension 
from 5% to 25% of control values in the present 
patient was similar to that observed in nonburned 
patients who received a smaller dose. The higher 
intravenous dose requirement together with the find- 
ing of normal or elevated plasma mTC concentrations 
for a given twitch suppression ‘suggests end organ 
resistance rather than altered pharmacokinetics. 

In the case of neuromuscular blocking drugs, the 
relationship between concentration in the body or the 
intravenous dose on the one hand, and the intensity 
of the pharmacologic effect on the other hand, can be 
easily studied clinically by means of the evoked twitch 
response (6). Using such techniques, it has been dem- 
onstrated that patients with myasthenia gravis are 
extremely sensitive to the non-depolarizing muscle 
relaxant, d-tubocurarine (7), whereas burned patients 
are extremely resistant to its effects (2, 3). In the 


TABLE 
Comparison of Plasma Metocurine Concentrations 
Postburn day 


Control 
50 65 72 463 


EDso (ug/ml) 0.72 3.12 O86 O71 1.17 
EDes (ug/ml) 142 9.60 1.36 1.25 3.68 


ANESTHESIA AND ANALGESIA 
Vol 61, No 7, July 1982 


615 


CLINICAL REPORTS 


former, the extreme sensitivity is due to a decrease in 
the number of acetylcholine receptors (7). In burned 
patients, the basis for the altered response has not 
been fully characterized. Exudation through the burn 
wound (8), increased glomerular filtration (9), and 
altered distribution volume (10) have been suggested 
as reasons for the increased doses of antibiotics re- 
quired in these patients. However, as recently shown 
for d-tubocurarine (11), these factors contribute min- 
imally to the increased muscle relaxant requirement. 
Altered pharmacokinetics may explain the increased 
intravenous dose and the duration of action of the 
drug, but does not explain the elevated plasma level 
required for a given degree of neuromuscular: block- 
ade. Other unknown factors must play a major role 
in producing the hyposensitivity to non-depolarizing 
muscle relaxants. 

Burned and denervated (hemiplegic, quadriplegic) 
patients have in common both an exaggerated re- 
sponse to the administration of the depolarizing mus- 
cle relaxant succinylcholine (1) and a hyposensitivity 
to the administration of non-depolarizing muscle re- 
laxants (2, 3, 12-14). Patients with myasthenia, on the 
other hand, show an attenuated response to succinyl- 
choline (6).and a marked sensitivity to d-tubocurarine 
(7). Thus, a common mechanism such as a change in 
numbers of acetylcholine receptors may be the basis 
for the altered response to both types of muscle 
relaxants seen in these three groups of patients. In 
contrast to findings in patients with myasthenia (7), 
an increase in the number of extrajunctional acetyl- 
choline receptors, which have similar physical and 
chemical characteristics as junctional receptors, has 
been found following denervation (15) and immobi- 
lization (16). An increase in extrajunctional receptors 
can increase the sensitivity to acetylcholine (succinyl- 
choline)-induced muscle response (15, 16) and can 
possibly explain the need for more non-depolarizing 
muscle relaxant to produce neuromuscular blockade. 

The plasma binding of mTC is less than that of d- 
tubocurarine (17) and the finding of hyposensitivity 
even to mTC confirms findings in a previous study 
(17) that increased plasma protein binding of drug is 
not responsible for the increased plasma requirement 
of relaxant drugs. The persistence of the hyposensi- 
tivity to a non-depolarizing muscle. relaxant 1 year 


after complete recovery (463 postburn days) is unu-. 


sual and may have another clinical implication. If 
there is a common etiology, such as an increase in 
extrajunctional acetylcholine receptors for the altered 
response to both non-depolarizing and depolarizing 
muscle relaxant, then it may be speculated that the 
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hyperkalemic response to a depolarizing muscle re- 
laxant may still be present in completely recovered 
burned patients even 463 days following burn injury; 
that is, patients who show a hyposensitivity to non- 
depolarizing muscle relaxants may show a hyperka- 
lemic response to the ‘administration of depolarizing 
muscle relaxants. Perhaps the anesthetist should be 
cautious in the administration of succinylcholine in a 
burned patient even at this late stage after burn injury. 
In summary, by following the indirectly evoked 
twitch response dose-effect and concentration-effect 
relationships for metocurine were studied in an 8- 
year-old burned patient during the acute phase and 
following 1 year after recovery. Initially, 12 times the 
normal dose and 8 times the plasma concentration of 
mTC was required to achieve complete neuromuscu- 
lar paralysis. The increased dose requirement de- 
creased with time, but persisted even 1 year after 
complete wound coverage. Hyposensitivity of this 
magnitude and its persistence so long after injury has 
not been previously documented and is in contrast to 
the response of patients with myasthenia gravis. In- 
direct evidence from the present and previous studies 
suggest the existence of prolonged changes at the 
neuromuscular junction in burned patients. 
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Hemotherapy during 
Surgery for Jehovah’s 
Witnesses: 


A New Method 


Benjamin Lichtiger, MD, PhD,* 
Jacques F. Dupuis, MD,f and 
Jan Seski, MDt 


We report a hemotherapeutic support procedure 
used in our institution for Jehovah’s Witnesses un- 
dergoing major cancer surgery. This involves the pre- 
operative collection of whole anticoagulated blood, its 
temporary storage in a Haemonetics 30 blood cell 
processor (H-30), and the simultaneous reinfusion at 
variable rates in relation to the requirements of the 
surgical procedures. The extracorporeal blood is thus 
kept in physical continuity with the circulatory system 
of the patient at all times. 


Case Reports 


Case 1 


A 19-year-old woman underwent a laparotomy for re- 
moval of a large calcified ossifying fibroma of the uterus. 
Estimated intraoperative blood loss was 3000 to 3500 ml. 
Total fluid administered was 8250 ml. Hemoglobin and 
hematocrit values were, respectively, 14.5 g/100 ml and 
39.9% before the operation, 6.8 g/100 ml and 20.3% at the 
lowest point during surgery, and 6.8 g/100 ml and 20% on 
the 5th postoperative day. Recovery was uneventful. 


Case 2 


A 46-year-old obese woman (110 kg, 165 cm) with adult 
onset diabetes mellitus, diabetic peripheral neuropathy, 
coronary artery disease, and hypertension, underwent a 
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laparotomy for removal of a large cystic multinodular ovar- 
ian mass. Estimated blood loss was 2500 ml, and 5150 ml of 
crystalloids was administered. Hemoglobin, hematocrit, and 
platelet count values were 14.5 g/100 ml, 42.4%, and 141,- 
000/mm”, respectively, before the operation and 8.5 g/100 
ml, 25.2% on the Sth postoperative day, respectively, 
whereas the platelet count reached a low of 106,000/mm? 
2 days after surgery. Due to unexpected bleeding, the lowest 
hemoglobin and hematocrit values of 7.8 g/100 ml and 
23.2%, respectively, were recorded on the 22nd postopera- 
tive day. The patient was discharged in satisfactory condi- 
tion 49 days after surgery. 


Methods 


Blood is drawn from a catheter inserted into a 
central vein and connected to the draw-line of a 
harness fitted to a H-30 (Figure), A 225-m] disposable 
Latham centrifuge bowl specially designed to separate 
blood components is used in all cases (1, 2). The 
blood is anticoagulated with citrate dextrose solution 
(USP formula B [ACD-B]), added in a ratio of 1:8 at 
the whole blood draw line. The blood is drawn at a 
rate of 60 to 80 ml/min. At the completion of the first 
cycle, approximately 400 ml of blood and plasma is 
collected and transferred into the in-line reinfusion 
bag. The reinfusion line is kept patent with a slow 
infusion rate (50 ml/hr) of 0.9% sodium chloride. The 
reinfusion bag is connected to two 1000-ml transfer 
bags to allow a maximum storage of 2000 ml of whole 
blood. After the first 500 ml of blood has been 
harvested, maintenance of the circulatory volume is 
assured by an infusion of Ringer’s lactate solution in 
volumes 2 to 3 times the amount of stored blood. 

During surgery, the collected blood is reinfused 
through a blood administration set with one 170-p in- 
line filter at a rate of 10 to 20 ml/hr. Faster reinfusion 
of blood is performed at a controlled rate of 40 to 50 
ml/min. If necessary, the rate can be increased to 150 
ml/min without the use of a pressure cuff. 

A variation of the technique described (used in case 
2), consists of harvesting the platelets at the end of 
each cycle. At the completion of the procedure, the 
platelets are extracted from the platelet collection bag, 
transferred through the in-line connection into the 
reinfusion bag, and administered. 


Anesthetic Management 


Anesthetic management is identical with that em- 
ployed when a hemodilution technique is used. It 
includes monitoring of direct intra-arterial blood 
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FIGURE. Path used to draw, store, and reinfuse blood in two 
patients described. 


pressure, pulse rate, central venous pressure, pulmo- 
nary wedge pressure when indicated, esophageal tem- 
perature, hourly urine output, serial determinations 
of arterial blood gas tensions, hemoglobin, hemato- 
crit, platelet count, prothrombin time, partial throm- 
boplastin time, blood sugar, and electrolytes. In ad- 
dition, moderate hypothermia to 30 to 32°C is a part 
of our technique as is controlled hypotension in the 
absence of contraindications. Ventilation is controlled 
and anesthesia is maintained with a halogenated an- 
esthetic and oxygen (Fro, 1.0). 


Discussion 


Although some Jehovah’s Witnesses accept preop- 
erative collection and storage of their own blood, 
others find acceptable only a system in which their 
blood or blood components are not separated from 
their body and are kept circulating. Various tech- 
nigues have been devised to comply with these re- 
quirements and the idea of major surgery without the 


concomitant use of blood or blood substitutes has 
been accepted in recent years by the medical com- 
munity (3, 4). The method described above was pro- 
posed to the patients and was accepted after consul- 
tation with their religious elders. 

Although somewhat similar in concept to normo- 
volemic hemodilution (5), the procedure does not 
interrupt the physical continuity of the blood with the 
patient (6, 7). The only difference is the presence of 
the H-30 during the harvesting and storage phases 
and the ability to store blood components temporar- 
ily. 

As this method does not involve the collection of 
blood shed during the surgical procedure, the poten- 
tial for tumor spread is greatly reduced. Of course, if 
a patient has tumor cells circulating in his blood, such 
tumor cells would probably be reinfused. To sum- 
marize, the method opens a temporary loop and 
storage pool in the extra bags attached to the H-30. 
Although we have not used the device to its full 
potential, we believe it has a definite advantage in 
dealing with the problem of major surgery for patients 
who are Jehovah’s Witnesses. 

The implications of this new procedure are far- 
reaching as many patients with acceptable hemoglo- 
bin levels who have no objection to blood transfusions 
sometimes cannot undergo surgery because compat- 
ible blood is not available. The procedure could also 
be used more frequently in patients who do present 
cross-matching problems, as it eliminates the risk of 
posttransfusion hepatitis. 

Technically, the method is simple, but it requires 
a close interaction between the anesthesiologist, sur- 
geon, and blood bank physician. 
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Succinylcholine in 
Congenital Pyruvate 
Kinase Deficiency 


Joseph A. Stirt, MD* 


Succinylcholine may cause cardiac arrhythmias and 
arrest in many pathologic conditions, including pa- 
tients with burns, tetanus (1), muscle wasting, and 
upper motor neuron lesions (2), Potasium efflux from 
muscle and hyperkalemia resulting from succinylcho- 
line-induced depolarization is considered the cause of 
the arrhythmogenic effects of succinylcholine in such 
susceptible patients (1). 

Congenital pyruvate kinase deficiency, present in 
1/20,000 to 40,000 births (3), results in erythrocytes 
with severe membrane defects associated with extra- 
cellular leakage of potassium (3, 4). Three different 
isozymes of pyruvate kinase exist, although in any 
one tissue only a single isozyme is present (5). Of the 
three pyruvate kinase isozymes, one is found predom- 
inantly in red blood cells and liver (PK1), another in 
muscle (PK2), and the third (PK3) in most other 
tissues. In congenital pyruvate kinase deficiency, only 
PK1 has been reported to be defective (3). 

In view of the known increase in permeability of 
red cell membranes to potassium in patients with 
congenital pyruvate kinase deficiency, there is the 
theoretical possibility that succinylcholine adminis- 
tration might cause hyperkalemia in such patients. No 
measurements of serum potassium levels associated 
with succinylcholine administration in individuals 
with congenital pyruvate kinase deficiency have been 
published. The following case report documents the 
course of serial serum potassium values before and 
after succinylcholine administration in such a patient. 


Case Report 


A 3%-year-old, 15-kg girl with congenital pyruvate kinase 
deficiency was admitted for cholesteatoma removal. The 
patient had received multiple blood transfusions in the past 
for anemia, and she had had a splenectomy 5 months 
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previously because of severe anemia resulting from contin- 
uing hemolysis. 

Before surgery, the patient’s serum sodium was 138 meq/ 
L, potassium 4.4 meg/L, chloride 108 meg/L, and bicarbon- 
ate 22.7 meq/L. Hematocrit was 33% following transfusion 
of 1 unit of packed red blood cells. 

At 12:13 p.m. on the day of surgery, venous blood 
(sample 1) was obtained for measurement of serum potas- 
sium, ionized and total calcium, pyruvate, and lacatate levels 
(Table). An intravenous infusion of 5% dextrose in lactated 
Ringer’s solution was begun, and anesthesia induced with 
thiopental, 50 mg IV, followed by inhalation of halothane 
and NO in Os. At 12:40 p.m. assisted ventilation at a rate 
of approximately 30 breaths per minute with a tidal volume 
of approximately 40 ml was begun, and ventilation was 
assisted or controlled at approximately this rate and volume 
for the duration of the procedure. 

At 12:45 p.m. succinylcholine, 20 mg IV, was adminis- 
tered and the trachea intubated. Subsequent venous blood 
samples (Table) were obtained and analyzed as noted above. 
No cardiac arrhythmias were noted at any time during 
administration of the anesthetic. The operation was per- 
formed without incident, and the patient had an uneventful 
recovery from anesthesia and surgery. 


Discussion 


A number of specific enzyme defects in the anaer- 
obic glycolytic pathway of erythrocytes have been 
identified since 1961, the most common being pyru- 
vate kinase deficiency (6). Enzymatic red cell defects 
may reflect a generalized defect in other organ sys- 
tems, as the glycolytic pathway is active in all tissues 
(3). For example, triose phosphate isomerase defi- 
ciency produces not only red cell hemolysis but also 
muscle and nervous system damage (7). 

Pyruvate kinase converts phosphoenolpyruvate to 
pyruvate, one of the last steps in anaerobic glycolysis. 
The primary metabolic importance of the pyruvate 
kinase reaction is the generation of adenosine tri- 
phosphate (ATP) from adenosine diphosphate (ADP) 
(3). The ATP produced is vital for the maintenance of 
intracellular/extracellular cationic gradients (8), es- 
pecially potassium (4). In addition, ATP is vital to 
chelation of ionized calcium by the red cell (3). In 
pyruvate kinase deficiency, primary abnormalities ap- 
pear limited to the hematologic system (8), most 
notably increased permeability of the red cell mem- 
brane to potassium (9). 

Measurement of serum potassium concentrations 
(Table) in the patient reported above revealed no 
marked changes during anesthesia involving sodium 
thiopental, halothane, N2O, and succinylcholine. Se- 
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TABLE 
Levels of Serum Potassium, Calcium, Pyruvate, and Lactate in a Patient with Pyruvate Kinase Deficiency* 
2+ : 
eating: > “rune? (3.64.8) a 8-2.2) (02-108) (0.3-0.9) 20) oo 
1 12:13 3.7 1.97 8.84 0.4 4 Spontaneous vent; awake 
2 ` 12:39 3.2 2.02 8.53 0.6 17 Spontaneous vent; anesthetized 
3 12:46 3.2 1.95 8.09 0.8 9 Controlled vent; no muscle twitch present; 1 
min after succinylcholine 
4 12:48 3.3 2.13 8.28 0.7 9 Controlled ventilation 
5 1:15 3.2 1.94 8.03 0.4 9 Assisted ventilation 
6 1:51 — — — 0.3 5 Assisted ventilation 
T 2:35 3.3 1.87 8.35 0.5 8 Assisted ventilation 


* Normal values are shown in parentheses. 


rum potassium concentration, which was normal be- 
fore anesthesia, increased minimally (0.1 meq/L) fol- 
lowing succinylcholine administration. 

Although ventilation was controlled or assisted 
when serum samples were obtained for analysis fol- 
lowing succinylcholine administration, marked hy- 
perventilation (which could have decreased serum 
potassium concentration) was avoided. Thus, any in- 
crease in serum potassium levels following succinyl- 
choline in this patient would have been relatively 
small to have been counteracted by a change due to 
altered ventilation. Succinylcholine in this patient 
thus did not appear to cause liberation of a dangerous 
amount of potassium from muscle. The absence of 
significant potassium efflux would be expected since, 
in pyruvate kinase deficiency, only erythrocyte py- 
ruvate kinase (PK1) has been reported to be abnormal 
(3). 

Serum pyruvate and lactate levels were normal 
before and during anesthesia in the patient described 
above (Table), although decreased production of 
erythrocyte pyruvate and lactate would be expected 
to result from pyruvate kinase deficiency. This sug- 
gests that the contribution by erythrocytes to the total 
circulating pool of pyruvate and lactate is relatively 
minor. 

Finally, serum levels of ionized calcium in this 
patient remained normal throughout the preoperative 
and intraoperative period (Table), suggesting that de- 
fective red cell chelation of ionized calcium, if present, 
did not significantly affect total serum ionized calcium 
content. 


In summary, succinylcholine administration in a 
patient with congenital pyruvate kinase deficiency did 
not cause hyperkalemia. Succinylcholine use would 
appear safe in patients with this disease. 
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Oxygen Jet 
Ventilation of 
Patients with 
Tracheal T-Tube 


To the Editor: 


A silicone rubber tracheal T-tube 
has been proposed by Montgomery 
(1) as a tracheal stent. Anesthesia and 
intermittent positive-pressure venti- 
lation (PPV) of patients having a tra- 
cheal T-tube pose a problem as a 
significant air leak can occur via the 
upper airway whenever the patient is 
anesthetized or ventilated via the ex- 
traluminal limb of the tube (2, 3). 
Different procedures have been sug- 
gested to prevent the upward air leak, 
such as occluding the upper airway 
with a molded polyurethane pharyn- 
geal pack (2) or blocking the upper 
intraluminal limb of the T-tube with 
a Fogarty embolectomy catheter (3). 

We have successfully used inter- 
mittent oxygen jets as an alternative 
method of IPPV in two women un- 
dergoing insertion of tracheal T- 
tubes. In one patient the T-tube was 
placed for the management of trach- 
eomalacia following thyroidectomy, 
whereas in the second patient the 
tube was placed following surgical 
excision of excessive tracheal granu- 
lations. In both cases, bronchoscopy 
was initially performed under intra- 
venous _ thiopental-succinylcholine 
drip anesthesia, while ventilation was 
carried out by intermittent oxygen 
jets (50 psi) delivered via a Sanders 
Venturi injector adapted to the prox- 
imal head of the bronchoscope (4). Jet 
ventilation was controlled by an elec- 
tronically operated solenoid switch. 
After the anatomic diagnosis had 
been confirmed, surgery proceeded 
while continuing jet ventilation via 
the bronchoscope. As soon as the T- 
tube was placed in the trachea, the 
bronchoscope was withdrawn and a 
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sterile 2-mm i.d. catheter with one 
distal hole was advanced via the ex- 
traluminal limb of the T-tube into the 
lower intraluminal limb. Introduction 
of the catheter was facilitated by 
gentle upward flexion of the extralu- 
minal limb of the T-tube. The cathe- 
ter was used as an injector and was 
directly connected by a high pressure 
tubing to the electronically controlled 
solenoid valve (Figure). Ventilation 


was maintained via the injector cath- 
eter by intermittent oxygen jets at a 
rate of 15/min (J:E 1:3); arterial blood 
gas analysis during oxygen jet venti- 
lation showed adequate oxygenation 
and carbon dioxide elimination (Ta- 
ble). 

Intermittent oxygen jets can en- 
train room air and hence minimize or 
even prevent air leaks during IPPV in 
patients undergoing tracheobronchial 





FIGURE. Injector catheter is introduced via extraluminal limb of tracheal T-tube into its 
lower intraluminal limb. Catheter is connected by high pressure tubing to electronically 


operated solenoid valve. 


TABLE 


Arterial Blood Gas Levels before and after 
20 Minutes of Intermittent Oxygen-Jet Ven- 
tilation 





Preoper- Intraoper- 


ative ative 
Patient 1 
Po, (mm Hg) 75.0 235.0 
Poo, (mm Hg) 45.0 40.0 
pH 7.4 7.42 
Patient 2 
Po, (mm Hg) 95.0 241.0 
Poo, (mm Hg) 36.0 39.0 
pH 7.44 7.39 


procedures such as bronchoscopy (4), 
tracheal reconstruction (5), and sleeve 
pneumonectomy (6). The tracheal T- 
tube is another cause of air leak that 
may interfere with conventional 
IPPV; oxygen jets can therefore be 
used to ensure adequate ventilation 
while keeping the unblocked T-tube 
in situ. 

Anis Baraka, MBBCh, DA, DM, MD 
Musa Muallem, MD 

Rabiha Noueihid, MD 

Leila Chaya, MD 

Emma Mouradian, MD 

Department of Anesthesiology 
American University of Beirut 
Beirut, Lebanon 
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More on Anesthetic 
Terminology 


To the Editor: 


I read with interest the letter by Dr. 
Deus (1) concerning deletion of the 


LETTERS TO THE EDITOR 


prefix “endo” in terms such as “en- 
dotrachea] tube,” “endotracheal in- 
tubation,” etc. His point is well taken, 
but in keeping with his intent one 
must hope that correct placement of 
the tracheal tube is monitored using 
a stethophone. 


C. Brian Burke, MD 
Department of Anesthesia 
Hitchcock Clinic 
Hanover, NH 03755 
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(Indeed, why not stethophone? 
Where did stethoscope come from? It 
came from Laénnec. When in 1819 he 
introduced his first primitive tube for 
auscultation of the chest he called it 
a stethoscope. He did so on the basis 
that “scope” was derived from the 
Greek scopos, to examine or observe. 
Presumably one can examine by lis- 
tening as well as by looking. That the 
suffix scope has subsequently been 
used exclusively to refer to visual ex- 
amination or observation is perhaps 
mere an indication of how we func- 
tion medically than an etymologic 
perversion by Laënnec. Interestingly, 
in the 1950s the word stethophone 
was occasionally used but it obviously 
never achieved appreciable popular- 
ity. Ed.) 


Transsacral Block 


To the Editor: 


The review by Simon et al (1), of 
their results with transsacral block for 
15 cases of radiation and interstitial 
cystitis causing bladder contracture 
deserves comment, not only to rein- 
force andextend the use of this im- 
portant treatment technique for these 
troublesome conditions, but also to 
add a note of caution for potentially 
undesirable effects. These may ensue 
with less cautious protocols and when 
other conditions are being treated as 
in the following two cases: 

1. A 54-year-old male addict with 
complaint of persistent “anal” pain 3 
years after abdominoperineal resec- 
tion, was treated, after bupivacaine 
trials, with 6% phenol transsacral 
block. The patient then complained 
of difficulty with voiding and burning 
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in the area blocked. This patient had 
previously instituted suit and col- 
lected for “malpractice” in connection 
with his prior surgery. No further 
blocks were attempted. The patient’s 
complaints about the blocks subse- 
quently subsided. 

2. A 29-year-old white woman 
with pain due to leukemic infiltration 
of the sacrum was treated with abso- 
lute alcohol block at S-3 and S-4 bi- 
laterally after trials with lidocaine. 
Although good pain relief resulted, 
this patient developed bladder atony 
requiring prolonged catheterization. 
This result contradicted the literature 
of the time (1954) (2, 3) which cited 
block of S-3 and S-2 as aiding bladder 
emptying, and I failed then to appre- 
ciate the potential value of the tech- 
nique for the treatment of bladder 
contracture. 

Aside from these “touchy” exam- 
ples, we have cbtained most gratify- 
ing results without adverse side ef- 
fects in a variety of conditions. Three 
examples are as follows: 

1. A 52-year-old man with radia- 
tion cystitis and colitis had an- 
nounced that suicide was his only 
option to escape the burden of void- 
ing every 10 minutes, day and night. 
Treatment with bilateral S-3 phenol 
blocks produced marked improve- 
ment. He returned a few weeks fol- 
lowing this treatment with a com- 
plaint of some recurrence of fre- 
quency. He confided that he had been 
celebrating over the previous week- 
end and had “strained himself” by 
having sexual intercourse approxi- 
mately 10 times during that period. 
This recurrence subsided spontane- 
ously. The patient has worked stead- 
ily, his relief has persisted, and he has 
continued to be sexually active for the 
past 3% years. 

2. A 60-year-old man was re- 
sponding slowly to treatment with di- 
methyl sulfoxide for interstitial cysti- 
tis. His response improved after sev- 
eral bupivacaine transsacral blocks. 

3. A 56-year-old white male schiz- 
ophrenic in remission complained of 
long-term perineal “prostate” pain 
along with some nocturia. He had 
previously been subjected to two 
prostatectomies and three transure- 
thral prostatic resections. Block of his 
right 5-3 with bupivacaine and then 
with phenol effectively eliminated the 
prostate pain and decreased the fre- 
quency. 
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I hope these comments will serve 
to emphasize the value and expand 
the application of the transsacral 
block technique described so well by 
Simon et al, 


Bernard $. Goffen, MD 
Anesthesia Department 
Veterans Administration 

Medical Center 
Salen, VA 24153 
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Tension 
Pneumoperitoneum 


To the Editor: 


We would like to call attention to 

a minor error in word transcriptior 
that makes a significant clinical mis- 
statement in our recent report on ten- 
sion pneumoperitoneum (1). In line 
33 (p 147) of the “Discussion,” pneu- 
moperitoneum and pneumopericar- 
dium are said to “rapidly” follow 
pneumomediastinum. In fact, unlike 
subcutaneous emphysema and an oc- 
casional pneumothorax, delayed 
pneumoperitoneum and pneumoper- 
icardium rarely complicate tracheos- 
tomy (2). In the case reported, tension 
pneumoperitoneum with cardiac ar- 
rest occurred after 12 hours of me- 
chanical ventilation and more than 24 
hours after tracheostomy. Pneumo- 
peritoneum and pneumopericardium 
are infrequent, insidious, often cata- 
strophic sequelae of tracheostomy 
and slowly expanding mediastinal air 
to which the anesthesiologist should 
be alert (1, 2). 

James H. Diaz, MD 

C. E. Henling, MD 

Department of Anesthesiology 

Ochsner Clinic 

New Orleans, LA 70121 
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Duration of Action of 
Sodium Citrate as an 
Antacid 


To the Editor: 


Aspiration pneumonitis remains a 
hazard in 16% to 26% of patients dur- 
ing induction of and recovery from 
anesthesia (1, 2). The administration 
to adults of the usual doses of anti- 
cholinergics in the preoperative med- 
ication does not decrease gastric fluid 
volume or increase gastric fluid pH 
(3). It is necessary, therefore, espe- 
cially in high risk patients, to use 
drugs that will reliably elevate gastric 
fluid pH. These drugs should also be 
rapidly acting, have a long duration 
of action, reduce gastric volume, and 
be nonparticulate in nature. 

Antacids and Hg inhibitors such as 
cimetidine are currently used to 
achieve these goals. Cimetidine, al- 
though effective, should be adminis- 
tered at least 45 minutes before in- 
duction of anesthesia (4). Sodium cit- 
rate (15 ml), a nonparticulate antacid, 
on the other hand, has been previ- 
ously shown by us to elevate gastric 
fluid pH when administered 15 min- 
utes before induction of anesthesia 


(5). 

We recently studied the duration 
of action of sodium citrate in 10 
healthy adult patients undergoing 
elective nongastric surgery using ni- 
trous oxide and enflurane for anes- 
thesia. Patients received only mor- 
phine or meperidine as preoperative 
medication. Ten minutes before in- 
duction of anesthesia each patient was 
administered 15 ml of 0.3 m sodium 
citrate. Five milliliters of gastric fluid 
as aspirated 15, 60, and 180 minutes 
following induction of anesthesia. 
The pH of the gastric fluid sample 
was measured using an analog pH 
meter (Orion Research model 301). 
The results of our study revealed the 
mean gastric fluid pH at 16, 60, and 
180 minutes following induction of 
anesthesia to be 6.0, 5.8, and 5.7, re- 
spectively. The gastric fluid pH in all 
patients except one (pH 2.8) was well 
above 3.5 even at 3 hours. 

The results of our study indicate 
that 15 ml of 0.3 m sodium citrate is 
effective in elevating gastric fluid pH 
for at least 3 hours, during which time 
most surgical procedures are con- 


cluded. This would therefore afford 
protection against the development of 
acid pneumonitis should inhalation of 
gastric fluid occur at the time of ex- 
tubation of the trachea. Also, the 
small volume of sodium citrate used 
minimizes any increase in gastric fluid 
volume secondary to administration 
of antacid and would possibly also 
minimize the severity of aspiration 
pneumonitis should aspiration occur. 


Oscar J. Viegas, MD 

Ram S. Ravindran, MD 

Carol A. Stoops, MD 

Department of Anesthesia 

Indiana University 
School of Medicine 

Indianapolis, IN 46202 
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Butorphanol 
Anesthesia 


To the Editor: 


We read with interest the article by 
Sederberg et al (1) on hemodynamic 
responses to butorphanol anesthesia 
in dogs. As the authors stated, butor- 
phanol produces unconsciousness 
and anesthesia when used for bal- 
anced anesthesia, with less respira- 
tory depression than morphine or 
fentanyl. We have found this to be 
quite correct, having used butor- 
phanol for the past 5 years both ex- 
perimentally as well as clinically. 

The authors state, after using 0.1- 
mg and 0.2-mg/kg/min infusions, 
that higher doses of butorphanal pro- 
duced cardiovascular depression in 
their dogs while the animals were 
breathing oxygen or nitrous oxide-ox- 
ygen. They also suggest that butor- 


phanol is not a desirable alternative 
to morphine- or fentanyl-oxygen in 
the management of patients with se- 
vere cardiovascular disease undergo- 
ing major operations. Their data may 
be correct for the animal model used 
in their study, but we believe they are 
making a premature and unjustified 
clinical conclusion. Data resulting 
from animal experiments cannot al- 
ways be extrapolated to humans, es- 
pecially when humans are undergoing 


surgery, particularly cardiac surgery. | 


We have recently performed a dou- 
ble-blind study in 16 patients un- 
dergoing cardiac operations using 
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either butorphanol, 0.15 mg/kg IV, or 
morphine, 0.75 mg/kg IV, both com- 
bined with nitrous oxide-oxygen. Our 
data (being analyzed for publication) 
showed no statistically significant dif- 
ferences between the eight patients 
given butorphanol and the eight pa- 
tients given morphine in terms of 
heart rate, mean arterial blood pres- 
sure, systemic vascular resistance, 
mean pulmonary arterial pressure, 
cardiac index, stroke index, or left or 
right ventricular stroke work indexes. 
All of the patients in our study had 
satisfactory and uneventful anesthe- 
sia with either drug. In our study, the 
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two drugs appeared interchangeable 
in their cardiovascular effect. 


Maurice Lippmann, MD 
Martin S. Mok, MD 

Stephen S. Steen, MD 
Department of Anesthesiology 
Harbor/UCLA Medical Center 
Torrance, CA 90509 
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Obstetric Anesthesia: 
The Complicated Patient, 
by F. M. James and A. S. 
Wheeler, Philadelphia, F. 
A. Davis Co., 1982, 346 
pp, $40.00. 


This is not just another textbook 
on obstetric anesthesia, but a unique 
compilation of 16 chapters dealing 
exclusively with complicated obstet- 
rics. Nine chapters are devoted to the 
more common maternal medical and 
surgical diseases, one to the febrile 
parturient (a novel approach), two to 
the fetus (monitoring, distress), and 
two to the problems of preterm deliv- 
ery, breech presentation, and multiple 
gestation. The final two chapters are 
concerned with drug addiction and 
surgery during pregnancy and their 
effects on mother, fetus, and neonate. 

The authors of the various chapters 
have drawn on their own experience 
as well as the literature to provide up- 
to-date, in-depth presentations of 
their material including pathophysi- 
ology, general and obstetric consid- 
erations, and recommendations for 
anesthetic management. Most chap- 
ters are highly informative and well 
referenced, Where controversies 
exist, more than one opinion is pre- 
sented. 

The design and layout of this book 
are outstanding. Clearly marked 
headings and subtitles facilitate find- 
ing any desired information without 
delay. I highly recommend this book 
for all members of the anesthesia 
team involved in care of the pregnant 
woman. After all, almost one third of 
current deliveries fall into the cate- 
gory of complicated obstetrics. 


Gertie F. Marx, MD 
Professor of Anesthesiology 
Jacobi Hospital 

Bronx, NY 
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Persistent Pain: Modern 
Methods of Treatment, 
Volume 3, by S. Lipton and 
J. Miles, New York, Grune 
& Stratton, 1981, 260 pp, 
$48.00. 


The preparation of a definitive text 
on the pathophysiology, diagnosis, 
and treatment of intractable pain is a 
frustrating undertaking, as rapid 
changes in the field render much ma- 
terial obsolete even before publica- 
tion. Lipton and Miles have found a 
reasonable alternative to that di- 
lemma by publishing a series of short 
texts, each limited to a dozen selected 
topics. This third volume compe- 
tently reviews and updates a variety 
of important and often controversial 
subjects. 

I found most of the chapters read- 
able, accurate, and informative. The 
sections on mechanisms of nocicep- 
tion and pain measurement are con- 
cise, understandable, and relevant. 
The chapter on neural mechanisms of 
acupuncture is a comprehensive re- 
view of the role of endogenous opi- 
ates in mediating acupuncture anal- 
gesia. Laudably, the author ignores 
the extensive pseudoscientific litera- 
ture on the subject. 

The short chapter on psychological 
aspects of chronic pain is refreshingly 
different from the usual discussion of 
psychotherapeutic approaches to 
pain. A separate chapter provides a 
critical analysis of the potential ben- 
efits of biofeedback and relaxation 
training. 

The chapters on statistical analysis 
of variance, osteoporosis, and endo- 
crine treatment of breast cancer, al- 
though competently written, may be 
of limited appeal and relevance to 
many readers. I found the “how to” 
chapters on percutaneous thermal le- 


sions, cordotomy, and neurolytic 
blocks to be the least informative. 
These latter chapters were generally 
too cursory to serve as technique 
manuals and they provided limited 
information about patient selection or 
the appropriate role of these modali- 
ties in a pain management program. 

Overall, there is a good deal of 
valuable information and insight to 
be gained from reading this volume. 
Although its value as a reference is 
limited, most chapters provide exten- 
sive, carefully selected bibliographies. 
I look forward to reading volume 4. 


Stephen E. Abram, MD 
Associate Professor and 

Vice Chairman 
Department of Anesthesiology 
Medical College of Wisconsin 
Milwaukee, WI 


Handbook of Critical 
Care, Second Edition, py 
J. L. Berk and J. E. Sam- 
pliner, Boston, Little, 
Brown and Co., 1982, 688 
pp, $24.50. 


The American Board of Medical 
Specialties has set its seal of approval 
on the field of critical care medicine 
by authorizing a Certificate of Special 
Competence in this specialty for 
which the first examination is 
planned in late 1983. A number of 
texts have appeared to help the 
trainee on his or her way toward ful- 
fillment of this official goal, and the 
second edition of this handbook 
makes a timely appearance among 
them. The contributors are well qual- 
ified to supply authoritative counsel 
on the applied physiology and sup- 
portive management of the catastro- 


a 


io 


phically ill patient. In general, the in- 
formation provided is useful for the 
expert and neophyte alike. As a basic 
text, it has sound value. 

It does, however, have its weak- 
nesses. It is difficult to know why a 
chapter on oxygen transport, which 
in itself is well presented, should be 
included in the section of the book 
allotted to recent advances in critical 
care medicine. It is also surprising 
that an entire chapter in the same 
section should be devoted to the use 
of extracorporeal membrane oxygen- 
ation, a technique whose time has not 
yet come and may even have passed, 
yet there is no mention given to the 
various forms of high-frequency ven- 
tilation now being tested. Perhaps this 
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omission is explained by the obser- 
vation that among the seven chapters 
devoted to recent advances in this 
field only one chapter has a literature 
reference later than 1979. 

The student will be confused to 
read on page 95 that “Subjective de- 
cisions no longer have a place in the 
determination of the need for me- 
chanical ventilatory assistance,” 
whereas 70 pages later another author 
indicates that “The rigid application 
of criteria based on physiological var- 
iables is inappropriate and probably 
leads to unnecessarily prolonged pe- 
riods of mechanical ventilation.” 
Some clearer guidance is needed. Not 
everyone will be as enthusiastic as the 
text implies about the use of dextrans 
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for expansion of intravascular fluid 
volume. These criticisms—and others 
could be made—may be minor but 
they are not simply captious, for this 
second edition emerges at a time 
when it will be eagerly sought by 
those training in a new field of med- 
icine, and it has an important role to 
fill. In a nutshell, this worthwhile 
book would benefit from disciplined 
editorial pruning, as it suffers the cus- 
tomary pangs of multiple authorship. 
The authorship is good, the book is 
valuable, and it deserves attention. 


Matthew D. Divertie, MD 
Professor of Medicine 
Mayo Clinic 

Rochester, MN 
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Manuscripts should be sent to: 
Nicholas M, Greene, M.D. 
Editor in Chief 
Anesthesia and Analgesia 
Yale University School of Medicine 
333 Cedar Street 
New Haven, Connecticut 06510 


Editorial Policies 


Manuscripts are accepted for consideration with the understand- 
ing that, except in review articles, the material they present has not 
been previously published and is not presently under consideration 
for publication elsewhere. Authors will be asked to transfer copy- 
right of articles accepted for publication to the International An- 
esthesia Research Society. 


Types of Materials. The Journal publishes original articles, clin- 
ical reports, review articles, and letters to the editor. Original 
articles describe in 3000 words or less clinical or laboratory inves- 
tigations. Clinical reports describe in 1000 words or less either (a) 
new and instructive case reports, or (b) anesthetic techniques or 
equipment of demonstrable originality, usefulness, and safety. 
Review articles of 2500 to 4000 words collate, describe, and evaluate 
previously published material for the establishment of new con- 
cepts. Letters to the editor, less than 300 words in length, include 
brief constructive comments concerning previously published ar- 
ticles or brief notations of general interest. Preliminary or incom- 
plete reports are not accepted, nor are manuscripts containing 
fragments of material better incorporated into a single paper. 


Peer Review. All papers are reviewed by three or more referees. 
- Acceptance is based upon significance, originality, and validity of 
the material presented. Only one copy of articles not accepted for 
publication will be returned to authors. 


Legal and Ethical Considerations. Information or illustrations 
must not permit identification of patients. Reports describing data 
obtained from experiments performed in humans must contain a 
statement in the Methods that institutiona: approval of the inves- 
tigation and informed consent were obtained. Reports describing 
data obtained from experiments performed in animals must clearly 
indicate that humane standards equal to those described by the 
American Physiological Society were employed. 

Illustrations and other materials taken from other sources must 
be properly credited and assurance provided that permission for 
reproduction has been obtained from the copyright owner and 
author. 


Editing. All papers will be edited for clarity, style, factual accu- 
racy, internal logic, and grammar. Papers extensively copy edited 
will be returned to the author(s) for retyping. Editing will include 
the addition, following the Abstract, of key words for indexing 
purposes. 


Manuscripts 


Manuscripts must be prepared and submitted in the manner 
described in “Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals” as described in Annals of Internal Medicine 
1979; 90: 95-9, and Lancet 1979; 1: 428-30. 

Type manuscripts on white bond paper, 20.3 by 26.7 cm or 21.6 
by 27.9 cm (8 by 104 in or 84 by 11 in) or ISO A4 (212 by 297 mm) 
_ with margins of a: least 2.5 cm (1 in). Use double spacing through- 


out, including title page, abstract, text, acknowledgments, refer- 
ences, tables, and legends for illustrations. 

Begin each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, tables 
{each table, complete with title and footnotes, on a separate page), 
and legends. Number pages consecutively, beginning with the title 
page. Type the page number in the upper right-hand corner of each 
page. 

[llustrations must be good quality, unmounted glossy prints, 
usually 12.7 by 17.3 cm (5 by 7 in), but no larger than 20.3 by 25.4 
cm (8 by 10 in). 

Submit three copies of manuscript and figures in heavy-paper 
envelope. Submitted manuscript should be accompanied by cov- 
ering letter which includes the name and mailing address of the 
author to whom correspondence should be addressed. 

Authors should keep copies of everything submitted. 

Title Page. The title page should contain [1] the title of the 
article, which should be concise but informative; [2] a short running 
head or footline of no more than 40 characters (count letters and 
spaces) placed at the foot of the title page and identified; [3] first 
name, middle initial, and last name of each author, with highest 
academic degree(s); [4] name of department(s) and institution(s) to 
which the work should be attributed; [5] disclaimers, if any; [6] 
name and address of author responsible for correspondence about 
the manuscript; [7] name and address of author to whom requests 
for reprints should be addressed, or statement that reprints will not 
be available from the author; [8] the source(s) of support in the 
form of grants, equipment, drugs, or all of these. 

Abstract and Key Words, The second page should carry an 
abstract of not more than 150 words. The abstract should state the 
purposes of the study or investigation, basic procedures (study 
subjects or experimental animals and observational and analytic 
methods), main findings (give specific data and their statistical 
significance, if possible), and the principal conclusions. Emphasize 
new and important aspects of the study or observations. Define all 
abbreviations except those approved by the International System 
of Units. 

Key (indexing) terms. Below the abstract, provide and identify as 
such, three to 10 key words or short phrases that will assist indexers 
in cross-indexing your article. 

Text. The text of observational and experimental articles is 
usually——but not necessarily—divided into sections with the head- 
ings Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their content, 
especially the Results and Discussion sections. Case reports and 
reviews do not require the above sections. 

Introduction. Clearly state the purpose of the article. Summarize 
the rationale for the study or observation. Give only strictly perti- 
nent references, and do not review the subject extensively. 

Methods. Describe your selection of the observational or exper- 
imental subjects (patients or experimental animals, including con- 
trols) clearly. Identify the methods, apparatus (manufacturer's 
name and address in parentheses), and procedures in sufficient 
detail to allow other workers to reproduce the results, Give refer- 
ences to established methods, including statistical methods; provide 
references and brief descriptions of methods that have been pub- 
lished but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate their 
limitations. 

Include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical analyses, 
mathematical derivations, and the like may sometimes be suitably 
presented in the form of one or more appendixes. 


h 


Results. Present your results in logical sequence in the text, 
tables, and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations: emphasize or summarize only important 
observations. 

Discussion. Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results. section. Include in the Discussion 
the implications of the findings and their limitations and relate the 
observations to other relevant studies. Link the conclusions with 
the goals of the study but avoid unqualified statements and conclu- 
sions not completely supported by your data. Avoid claiming 
priority and alluding to work that has not been completed. State 
new hypotheses when warranted, but clearly label them as such. 
Recommendations, when appropriate, may be included. 


References. Number references consecutively in the order in 
which they are first mentioned in the text. Identify references in 
text, tables, and legends by arabic numerals (in parentheses). 
References cited only in tables or in legends to figures should be 
numbered in accordance with a sequence established by the first 
identification in the text of the particular table or illustration. 

Use the form of references adopted by the U.S. National Library 
of Medicine and used in Index Medicus. Use the style of the 
examples cited at the end of this section, which have been approved 
by the National Library of Medicine. 

The titles of journals should be abbreviated according to the 
style used in Index Medicus. Consult the “List of Journals Indexed,” 
printed annually in the January issue of Index Medicus. 

The only acceptable references to journal articles or abstracts are 
those appearing in peer-reviewed journals. Abstracts in peer-re- 
viewed journals are acceptable only if less than 4 years old. List 
articles accepted for publication but not yet in print as “in press.” 
Three copies of “in press” references must accompany each article 
submitted for editorial review. Articles submitted but not yet 
accepted for publication must be cited in the text as “unpublished 
data” (in parentheses). 

References must be verified by the author(s) against the original 
documents. 

Examples of correct forms: 


Journal 


1. Standard Journal Article (List all authors when six or less; when seven or 
more, list only first three and add et al) 
Soter NA, Wasserman SI, Austen KF. Cold urticaria: release into the 
circulation of histamine and eosinophil chemotactic factor of anaphy- 
laxis during cold challenge. N Eng] J Med 1976;294:687-90. 


2. Corporate Author 
The Committee on Enzymes of the Scandinavian Society for Clinical 
Chemistry and Clinical Physiology. Recommended method for the 
determination of gamma-giutamyltransferase in blood. Scand J Clin Lab 
Invest 1976;36:119~25. 
Anonymous. Epidemiology for primary health care. Int | Epidemiol 
1976;5:224-5. 


Books and Other Monographs 


3. Personal Author(s) 
Osler AG. Complement: mechanisms and functions. Englewood Cliffs: 
Prentice-Hall, 1976. 


4. Corporate Author 


American Medical Association Department of Drugs. AMA drug eval- 
uations. 3rd ed. Littleton: Publishing Sciences Group, 1977. 


5, Editor, Compiler, Chairman as Author 


Rhodes AJ, Van Rooyen CE, comps. Textbook of virology: for students 
and practitioners of medicine and the other health sciences. Sth ed. 
Baltimore: Williams & Wilkins, 1968. 


6. Chapter in Book 
Weinstein L, Swartz MN. Pathogenic properties of invading microor- 
ganisms. In: Sodeman WA Jr, Sodeman WA, eds. Pathologic physiol- 
ogy: mechanisms of disease. Philadelphia: WB Saunders, 1974:457-72. 


7. Agency Publication 
National Center for Health Statistics. Acute conditions: incidence and 
associated disability, United States July 1968-June 1969. Rockville, Md.: 
National Center for Health Statistics, 1972. (Vital and health statistics, 
Series 10: Data fom the National Health Survey, no. 69) (DHEW 
publication no. (HSM)72- 1036). 


Tables. Type each table on a separate sheet; remember to double 
space. Do not submit tables as photographs. Number tables con- 
secutively and supply a brief title for each. Give each column a 
short or abbreviated heading. Place explanatory matter in footnotes, 
not in the heading. Explain in footnotes all nonstandard abbrevia- 
tions that are used in each table. For footnotes, use the following 
symbols in this sequence: *, t, 4, § 1, 1, # **, Tt... . Identify 
statistical measures of variation such as SD and SEM. 

Omit internal horizontal and vertical rules. 

Cite each table in the text in consecutive order. 

If you use data from another published or unpublished source, 
obtain permission and acknowledge fully. 

The editor on accepting a manuscript may recommend that 
additional tables containing important backup data too extensive 
to be published may be deposited with the National Auxiliary 
Publications Service or made available by the author(s). In that 
event, an appropriate statement will be added to the text. Submit 
such tables for consideration with the manuscript. 


Hlustrations. Submit three complete sets of figures. Figures 
should be professionally drawn and photographed; freehand or 
typewritten lettering is unacceptable. Instead of original drawings, 
roentgenograms, and other material, send sharp, glossy black-and- 
white photographic prints, usually 12.7 by 17.3 cm (5 by 7 in) but 
no larger than 20.3 by 25.4 cm (8 by 10 in). Letters, numbers, and 
symbols should be clear and even throughout, and of sufficient size 
that when reduced for publication each item will still be legible. 
Titles and detailed explanations belong in the legends for illustra- 
tions, not on the illustrations themselves. 

Each figure should have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of the 
figure. Do not write on the back of the figures or mount them on 
cardboard, or scratch or mar them using paper clips. Do not bend 
figures, 

Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with background. 

If photographs of persons are used, either the subjects must not 
be identifiable or their pictures must be accompanied by written 
permission to use the photograph. 

Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source and submit writ- 
ten permission from the copyright holder to reproduce the material. 
Permission is required, regardless of authorship or publisher, ex- 
cept for documents in the public domain. 

For illustrations in color, supply -color negatives or positive 
transparencies and, when necessary, accompanying drawings 
marked to indicate the region to be reproduced; in addition, send 
two positive color prints to assist editors in making recommenda- 


tions. Some journals publish illustrations in color only if the au- 
thor pays for the extra cost. = 


Legends for [lustrations. Type legends for illustrations double 
spaced, starting on a separate page with arabic numerals corre- 
sponding to the illustrations. When symbols, arrows, numbers, or 
letters are used to identify parts of the illustrations, identify and 
explain each one clearly in the legend. Explain internal scale and 
identify method of staining in photomicrographs. 


Abbreviations, Define all abbreviations except those approved 
by the International System of Units for amount of substance, 
mass, length, time, temperature, electric current, and luminous 
intensity. Do not synthesize new or unusual abbreviations. When 
many abbreviations are used, include all in a box of definitions at 
the start of the article. 


Ideal During Head and Neck Surgery 
All Silicone 


Wire Re-enforced 
Endotracheal Tubes. 


Reusable 


Easily Sterilized By Steam Autoclave 


Choice Of: 

Cuff Design 

Murphy or Magill 
Inflation Plug or Valve 


BIVONA SURGICAL INC. 


7933 NEW JERSEY AVE. 
HAMMOND, IN. 46323 — 
219-989-9150 

TELEX 27-6107 





Because a disconnect alarm 
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warns in the event of: 

@ an interrupted fresh gas flow Sle as : 
® a malfunctioning scavenger system oe 
® an empty system r 


OTHER FEATURES 


G 30 second silencing circuit 

O Automatic Battery Depletion Warning 
O Transducer Diagnostic Monitor Circuit 
Q Automatic Reserve Battery Switchover 
G Universal Mounting Capabilities 





NORTH AMERICAN DRAGER 


148B QUARRY ROAD 
TELFORD, PA 18969 


Please send DPM-S literature 
O Please have representative call 
G Please include N.A.D. catalog 


“these are the only hazardous conditions recognized by most common disconnect alarms 
Name —2... 
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Address ......... 








NORTH AMERICAN DRAGER 


148B QUARRY ROAD ® TELFORD, PENNSYLVANIA 18969m 215-723-9824 


State _ 
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Over 900 million administrations throughout the world. 
y Well over 125 million administrations in the 
United States alone. 




































ng : chore: in the world—every two seconds—someone makes another decision 
to use FLUOTHANE® (halothane, U.S.P). And for good reasons: 


oFLUOTHANE has been more widely investigated than any other 
inhalation anesthetic. 


o The FLUOTHANE experience shows association with hepatotoxicity — 
to be extremely rare! According to conclusions drawn from the 
United States National Halothane Study and other studies,* unex- 
plained jaundice following anesthesia with halothane ^ ..was a rare 
occurrence (approximately 1:30,000 administrations) and... the over- 
all safety record of the anesthetic was excellent."* 


o FLUOTHANE “...is nearest to the ideal [inhalation anesthetic] pr pres- 
ently available for children of all ages.” 





. z FLUOTHANE has been recommended as the "anesthetic of choice" 
for asthmatics. 


: nAnd, of particular benefit in geriatrics and cardiovascular surgery: 
- Excessive respiratory depression is rarely a problem with - oe a 
- _ FLUOTHANE. Nor does it produce an increase in salivary or yo eo 

_ bronchial secretions. pte oe 







hensive retrospectiv i daisy covering 856,000 general anesthesias- nearly one-third 
UOTHANE. Bunker. LP, etal, The National H lothane Study. Washington, D.C., 
ament Printing Office, o 





Ty s Natana Halothane Study E l 1. | i EAE a E A 
‘Government Printing Office, . mee lohowirig page i‘. = 


2 Biper, l LG: Biochem. Pharmacol. 
1877; 






a@siolocy 43:268-276 (Aug.} 


eacdings. Virginia Seciety of Anesthesiologists, 
20-32, 1979, Richmond, VA. 


the most widely used inhalation 


anesthetic in the world 


(halothane, U.S.P) 


tor a wide variety of 
techniques and procedures in patients of all ages 





(Complete text of package circular) 
Description. FLUOTHANE, brand of halothane, 
U.S.P., is an inhalation anesthetic. Itis 2- 
bromo-2-chioro-1, 1, 1-trifluoroethane and has 
the following structural formula: 








F Br 

F C—C Ci 
/ 
F H 


The specific gravity is 1.872-1.877 at 20°C, 
and the boiling point (range) is 49°C — 51°C at 
760 mm Hg. The vapor pressure is 243 mm Hg 
at 20°C. The bload/gas coefficient is 2.5 at 
37°C, and the olive oil/water coefficient is 220 
at 37°C. Vapor concentrations within anesthetic 
range are nonirritating and have a pleasant 
odor FLUOTHANE is nonflammable, and its 
vapors mixed with oxygen in proportions from 
0.5 to 50 per cent (v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When moisture 
iS present, the vapor attacks aluminum, 
brass, and lead, but not copper. Rubber, some 
plastics, and similar materials are soluble in 
FLUOTHANE: such materials will deteriorate 
rapidly in contact with FLUOTHANE vapor or 
liquid. Stability of FLUOTHANE is maintained 
by the addition of 0.01 per cent thymol (w/w), 
up to 0.00025% ammonia (w/w), and storage 
iS in amber colored bottes. 

FLUOTHANE should not be kept indefinitely 
in vaporizer bottles not specifically designed for 
its use. Thymol does not volatilize along with 
FLUOTHANE, and therefore accumulates in 
the vaporizer, and may, in time, impart a yellow 
color to the remaining liquid or to wicks in 
vaponzers. The development of such discolora- 
tion may be used as an indicator that the vapor- 
izer should be drained and cleaned, and the 
discolored FLUOTHANE (halothane, U.S.P) 
discarded. Accumulation of thymol may be 
removed by washing with diethy! ether. After 
cleaning a wick or vaporizer, make certain ali 
diethyl ether has been removed before reusing 
the equipment to avoid introducing ether into 
the system. 

Actions. FLUOTHANE is an inhalation anes- 
thetic. induction and recovery are rapid 

and depth of anesthesia can be rapidly al- 
tered. FLUOTHANE progressively depresses 
respiration. There may be tachypnea with 
reduced tidal volume and alveolar ventilation. 


FLUOTHANE is not an irritant to the respiratory 
tract, and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal and 
laryngeal reflexes are rapidly obtunded. It 
causes branchodilation. Hypoxia, acidosis, or 
apnea may develop during deep anesthesia. 

FLUOTHANE reduces the blood pressure, 
and frequently decreases the pulse rate. The 
greater the concentration of the drug, the more 
evident these changes become. Atropine may 
reverse the bradycardia. FLUOTHANE does not 
cause the release of catecholamines from adre- 
nergic stores. FLUOTHANE also causes dilation 
af the vessels of the skin and skeletal muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include nodal 
rhythm, AV dissociation, ventricular extrasys- 
toles and asystole. FLUOTHANE sensitizes the 
myocardial conduction system to the action of 
epinephrine and norepinephrine, and the com- 
bination may cause Serious cardiac arrhyth- 
mias, FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces moder- 
ate muscular relaxation. Muscie relaxants are 
used as adjuncts in order to maintain lighter 
levels of anesthesia. FLUOTHANE augments 
the action of nondepolarizing relaxants and 
ganglionic blocking agents. FLUOTHANE is a 
potent uterine relaxant. 

Indications. FLUOTHANE (halothane, U.S.P} is 
indicated for the induction and maintenance of 
general anesthesia. 

Contraindications. FLUOTHANE is not recom- 
mended for obstetrical anesthesia except when 
uterine relaxation is required, 

Warnings. When previous exposure to 
FLUOTHANE was followed by unexplained 
jaundice, consideration shouid be given to the 
use of other agents. 

FLUOTHANE should be used in vaporizers 
that permit a reasonable approximation of out- 
put, and preferably of the calibrated type. The 
vaporizer shouid be placed out of circuit in 
closed circuit rebreathing systems; otherwise 
overdosage is difficult to avoid. The patient 
Should be closely observed for signs of overdos- 
age, e., depression of blood pressure, pulse 
rate, and ventilation, particularly during 
assisted or controlled ventilation. 

Usage in Pregnancy. Safe use of 
FLUOTHANE has not been established with 
respect to possible adverse effects upon fetal 
development. Therefore, FLUOTHANE shouid 
not be used in women where pregnancy is 
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possible and particularly during early pregnancy, 
uniess, in the judgment of the physician, the 
potential benefits outweigh the unknown haz- 
ards to the fetus. 
Precautions. The uterine relaxation obtained 
with FLUOTHANE, unless carefully controlled, 
vay fail to respond to ergot derivatives and oxy- 
tocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal fluid 
pressure. Therefore. in patients with markedly 
raised intracranial pressure, if FLUOTHANE is 
indicated, administration should be preceded 
by measures ordinarily used to reduce cerebro- 
spinal fluid pressure. Ventilation should be 
carefully assessed, and it may be necessary to 
assist or contro! ventilation to insure adequate 
oxygenation and carbon dioxide removal, 

Epinephrine or norepinephrine shouid 
be employed cautiously, if at all, during 
FLUOTHANE (halothane, U.S.P} anesthesia 
since their simultaneous use may induce ven- 
tricular tachycardia or fibrillation. 

Nondepolarizing relaxants and ganglionic 
blocking agents should be administered cau- 
tiously, since their actions are augmented by 
FLUOTHANE. 

it has been reported that in genetically 
susceptible individuals, the use of general 
anesthetics and the muscle relaxant, succinyl- 
choline, may trigger a syndrome known as 
malignant hyperthermic crisis. Monitoring tem- 
perature during surgery will aid in early recogni- 
tion of this syndrome. Dantrolene sodium and 
supportive measures are generally indicated in 
the management of malignant hyperthermia. 
Adverse Reactions. The following adverse reac- 
tions have been reported: mild, moderate and 
severe hepatic dysfunction (including hepatic 
necrosis), Cardiac arrest, hypotension, respira- 
tory arrest, cardiac arrhythmias, hyperpyrexia, 
shivering, nausea, and emesis. 

Dosage and Administration. FLUOTHANE may 
be administered by the nonrebreathing technic, 
partial rebreathing, or closed technic. The 
induction dose vanes from patient to patient. 
The maintenance dose varies from 0.5 per cent 
to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide. 

How Supplied. No. 3125-—Unit packages of 
125 mi and 250 mi of halothane, U.S.P, stabi- 
lized with 0.01% thymol (w/w), and up to 
0.00025% ammonia (w/w). 7197/RB2 


Averst Aerst Laboratories 
AYeTSE. iow York N Y 10017 





Fully Accredited 
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OBSTETRICAL ANESTHESIOLOGIST 


o . 

| Anesthesia Residency 

| NEURO-SURGICAL ANESTHESIOLOGIST i Pro am 

| gr 
The University of Kentucky Medical Center ineludes a 500-hed | PGY ~ 1 2 3 & 4 

teaching hospital and a 450-bed VA hospital physically and | ? ? ? 
administratively connected. There were 9100 operative proce- > . 

| dures last year. Currently, there are 14 staff Anesthesiologisis, 3 | University of Massachusetts 

| Fellows, 20 Residents and 15 CRNAs. We have major respon- Medical Center 
sibility in ICU and Respiratory Care. We intend to develop 
outstanding programs in Neuro-Surgical and Obstetrical Anes- | Applications are now being accepted for 
thesiology with a goal for fellowship programs in each. We are | Anesthesia residencies, (PGY - 1, 2, 3, & 4) in 
iooking for 2 highly trained anesthesiologists to head up each | the Department of Anesthesia, University of 

| service. Value is placed on individuals who can introduce the | Massachusetts Medical Center. The program 

| latest procedures and techniques of monitoring and who can consists of three years training beyond the MD. 
initiate investigative work. We are especially interested in highly | and an optional fellowship year, which may be 
motivated, energetic individuals with current, successful educa- | | taken in Critical Care Medicine, Cardiovascular 
tional preparation who have the ability to design their own | | Anesthesia, Research, or Pain Control. 
programs, Successful applicants must have, as a minimum, A. 

| B. A. certification with fellowship training or substantial expe- | For further information please contact: 

| rience. Working conditions are excellent and the salary and rank | Danna B. Peterson, M. D., Ch. B, Assistant 

| will be dependent upon qualifications; however, $70,000 per | Professor of Anesthesia, Residency Program 

| vear is minimum. The Anesthesiology group at the University | Coordinator - Department of Anesthesia, 
of Kentucky is a cohesive, enthusiastic organization. We are | 

located in a beautiful, rapidly expanding city in the heart of the | 

| Kentucky Blue Grass Region. Interested applicants should write: . + 

Ballard D. Wright, M.D | : D k C University of 
allard D. Wright, M.D. ! l i 
University of e Medical Center | | J, 3 Massachusetts 


Department of Anesthesiology h tC Medical Center 
800 Rose Street tee, 55 Lake Avenue North 
Lexington, Kentucky 40536 l ry. Se Worcester, MA 01605 


An affirmative action’ equa!) opportunity 
employer 





LA.R.S. REVIEW COURSE LECTURES AVAILABLE 
1981-1982 


(  }) 1981—(55th Congress)—15 Review Course Lectures—$5.00 
( ) 1982— (56th Congress) —14 Review Course Lectures—$5.00 


To: International Anesthesia Research Society 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Please send Lecture Booklets checked above, at $5.00 per copy. 


My check, payable to I.A.R.S. in the amount of $ is enclosed. 


(Name) 


(Mail Address) 
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(City, State, Zip) 


PAPAY 


MINNESOTA: 
Anesthesiologist, Board certified or eligi- 
ble, needed in small Minnesota city. Mod- 


ern regional referral hospital. Reply to Box 
11-81-D, c/o LARS, 


ALABAMA-— 


Anesthesiologist needed to join a hospital 
based Board certified anesthesiologist and 
7 CRNAs at a 290-bed acute care general 
hospital. Please send curriculm vitae to 


Box 6-82-A, c/o LARS. 





CHIEF ANESTHESIOLOGISTS 


needed for growing modern ambulatory 
surgical centers. All types of procedures 
performed, Locations throughout Florida. 
Send resumes to Box 6-82-B, c/o LARS. 





ANESTHESIOLOGISTS 


needed for growing modern ambulatory 
surgical centers. All types of procedures 
performed. Locations throughout Florida. 
Send resumes to Box 6-82-C, c/o IARS. 





PRIVATE GROUP: 


2 MDs, 4 CRNAs seeking experienced 
individual interested in 6 months cover- 
age, March-August or September-Febru- 
ary. Practice covers all specialties except 
open heart and major neuro; minimal OB. 
Modern 280-bed hospital near metropoli- 
tan area on Texas Gulf Coast. For further 
details write, USNBE, Box 767, Friends- 
wood, Texas or call (713) 482-8597. 





ANESTHESIOLOGY—CHAIRMAN OF 
DEPARTMENT: 


Maricopa County General Hospital, 559- 
beds with four year approved Anesthe- 
siology Residency Program. 3 full-time 
physicians and 15 CRNAs. Current Chair- 
man leaving July ‘82. EOE. Forward inqui- 
ries and CV to MacDonald Wood, M.D., 
c/o Medical Staff Secretary, 2601 E. Roo- 
sevelt, Phoenix, AZ 85008. 


classified! 
ADVERTISING 


ANESTHESIOLOGISTS— 

needed at all academic levels. Must be 
Board certified/eligible. Duties include 
patient care, resident and medical student 
teaching and research. Positions available 
at the University of Missouri Medica! Cen- 
ter Hospital and The Harry S. Truman 
Memorial Veterans Hospital. Interested 
applicants send a curriculum vitae to: 
G.W.N. Eggers, Jr, M.D., Professor and 
Chairman, Department of Anesthesiology, 
University of Missouri-Columbia, Health 
Sciences Center, Columbia, MO. 65212. 
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Immediate openings for Board certified/ 
eligible anesthesiologists—Assistant and 
Associate professors. Research Opportu- 
nities. Applications with Curriculum Vitae 
should be forwarded to: Dr. Donald Ben- 
son, University of Chicago, Department of 
Anesthesiology, 950 E. 59th Street, Chi- 
cago, IL 60637. Phone (312) 947-6128. An 
equal opportunity employer. 
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Childrens Hospital of Los Angeles has ad- 
vanced clinical program for residents at 
the second and third year level of training. 
Also accepting applications from practic- 
ing anesthesiologists who wish to update 
their knowledge and proficiency. Positions 
available from 2 months to 1 year. Spe- 
cialized year approved by the AMA. For 
further details contact: 

George 8. Lewis, Jr., MD 

Head, Division of Anesthesiology 

Childrens Hospital of Los Angeles 

4650 Sunset Boulevard 

Los Angeles, CA 90027 

Phone (213) 662-1708 
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needed, Board certified or eligible in ex- 


panding 650-bed medical center. Excellent 
practice opportunity. Please contact R. P. 
Strader, M.D., Western Anesthesiology, 
P.O. Box 24507, St. Louis, MO 63141. 


UTAH-— 


The University of Utah, Department of 
Anesthesiology is interested in an obstet- 
rical and a neurosurgical anesthesiologist. 
Research training desired. Appointment at 
assistant or associate professor level com- 
mensurate with training and experience. 
Contact Dr. K. C. Wong, Chairman, 50 
North Medical Drive, Salt Lake City, Utah 
84132. Equal Opportunity/Affirmative 
Action Employer. 
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Board certified/eligible: To join four phy- 
sician, private fee-for-service anesthesiol- 
ogy group. Group provides total anesthe- 
sia care in busy modern metropolitan hos- 
pital (300 beds). Excellent salary, fringe, 
continuing education and related profes- 
sional development. Beautiful community 
with excellent schools and education. 
Great opportunity for professional and fi- 
nancial growth in family oriented com- 
munity. Immediate opening but will wait 
for right candidate. Send qualifications to 
Medical Park Anesthesiologists, Inc., 
Medical Park, Wheeling, WV 26003. 
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U.S, trained, 44 year old, F.A.C.A. wishes 
to relocate. Extensive administrative and 
clinical experience. Prefer non-academic 
position in medium-size hospital. Reply to 
Box 7-82-E, c/o LARS. 
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ACADEMIC ANESTHESIOLOGISTS— 
Urgently needed to support newly forming 
anesthesiology residency at medical col- 
lege hospital in small, pleasant, northeast 
U.S.A. city with excellent economic base. 
Private practice arrangement, academic 


appointment and research possible. Send 
C.V. with inquiry to Box 7-82-C, c/o IARS. 


NORTH CAROLINA— 

Excellent opportunity for young certified 
or eligible anesthesiologist to join MD- 
CRNA team in mid-sized Piedmont town. 


OR anesthesia, ICU and pain center work. 
Send C.V. to Box 7-82-B, c/o LARS. 
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ANESTHESIOLOGIST— 


Board eligible, university trained, FLEX 
licensure in California, Utah, Pennsylva- 
nia, West Virginia and N.J. Experienced, 
5 years of private practice with major ob- 
stetrical anesthesia practice. Wishes to re- 
locate to urban or suburban area, solo or 
group. Will consider all locations. Reply 
to 590 Washington Street, Marina Del 
Rey, CA 90291. Tele: 213-821-3535. 
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Department of Anesthesiology, Medical 
College of Ohio at Toledo, seeks qualified 
additional faculty at Assistant Professor 
and Associate Professor levels for clinical 
practice, teaching and research involve- 
ment, Adding high-risk obstetrical unit 
late 1983. Interest in regional anesthesia 
and pain management sought. Candidates 
must be ABA certified or eligible and have 
Ohio license. Competitive salary commen- 
surate with background and experience. 
New medical school campus and hospital 
in attractive lake-side community with ex- 
cellent family assets, and recreational op- 
portunities, Please send letter, CV plus 
three references to John T. Martin, M.D., 
Professor and Chairman, Department of 
Anesthesiology, Medical College of Ohio 
at Toledo, CS 10008, Toledo, Ohio 43699, 
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34, M.D., Ph.D., Board certified with 1 
year experience and strong academic 
background, wants position in N.Y.C. area 
including N.J. and S.W. Conn. Reply to 
Box 7-82-A, c/o IARS. 
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ANESTHESIOLOGIST — 

40, U.S. university trained and Board cer- 
tified, proficient in all types of anesthesia 
including Cardiac and OB. Seeks private 


practice in Texas, Licensed NY, TX, etc, 
Reply to Box 7-82-D, c/o IARS. 
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WEST VIRGINIA UNIVERSITY: 

Pain Clinic Fellowship commencing July 
I, 1983 available to applicant with three 
years post graduate training in anesthe- 
siology. Multi-disciplined Pain Clinic, 
seeing approximately 2,500 patients 
yearly, 25% of whom are new patients. 
Clinic based on out-patient model with in- 
house beds available. Regular staff in- 
cludes three anesthesiologists, a phy- 
chiatrist, and two clinical psychologists. 
Ancillary services include physical ther- 
apy, oral surgery and family practice. For 
further information contact Robert Bettin- 
ger, M.D., Director of Pain Clinic, Depart- 
ment of Anesthesiology, West Virginia 
University Medical Center, Morgantown, 
WV 26506. Deadline for applications is 
January 31, 1983. An equal opportunity/ 
affirmative action employer. 
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Board eligible or preferably certified anes- 
thesiologist, with recent open heart expe- 
rience needed IMMEDIATELY for 321- 
bed hospital and its 276-bed satellite hos- 
pital, 30 miles outside Chicago. Fee-for- 
service with negotiable hospital guarantee. 
send C.V. to Chief of Anesthesia, The 
Methodist Hospital, 600 Grant Street, 
Gary, Indiana 46402. 
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The Department of Anesthesiology of the 
Medical College of Wisconsin is recruiting 
for faculty for its expanded affiliated hos- 
pitals. All aspects of anesthesia with ex- 
cellent facilities for basic and clinical in- 
vestigations, Board certified/eligible with 
demonstrated interest in clinical teaching. 
Competitive salary and extraordinary 
fringe benefit program. Reply to John P. 
Kampine, M.D, Ph.D., Professor and 
Chairman, Department of Anesthesiology, 
The Medical College of Wisconsin, 8700 
W. Wisconsin Avenue, Milwaukee, WI 
53226. 
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Professional corporation seeking a Board 
eligible anesthesiologist for a five-man 
group with CRNAs. Please send CV and 
resume to Tuscon Anesthesia P.C., 1773 
W. St. Mary's Rd. Suite 104, Tuscon, Ar- 
izona 85745. 
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Now formulated without parabens, Regonol is a 
fast-acting reversal agent with documented 
advantages over neostigmine. If maintains 
greater cardiovascular stability,’ causes fewer 
muscarinic side effects,2 and has up to 33% 
longer action.2 A wider margin between the anti- 
curare dose and the neuromuscular blocking 
dose? assures better control of the patient. 
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Reterences: 1. Gyermek L: Curr Ther Res 1B G77661975 2. Katz RL. Anesihesiology 28528-534, 1967 


BRIEF SUMMARY—(Piease consult full package insert, enclosed in every package. before 
using Regonol} 

INDICATIONS—Pyridostigmine bromide is useful as a reversal agent or antagonist to 
nondepolarizing muscle relaxants. 


CONTRAINDICATIONS— Known hypersensitivity to anticholinesterase agents: intestinal and 
unnary obstructions of mechanical type. 


WARNINGS —Pyridostigmine bromide shouid be used with particular caution in patients with 
bronchial asthma or cardiac dysrhythmias. Transient bradycardia mey occur and be relieved by 
atropine sulfate. Atropine should also be used with caution in patients with cardiac dysrhyth- 
mias. When large doses of pyndostigmine bromide are administered, as during reversal of 
muscie relaxants, prior or simultaneous injection of atropine sulfate is advisable. Because of the 
possibility of hypersensitivity in an occasional patient, atropine and antishock medication 
should always be readily available. 

When used as an antagonist to nondepolanzing muscle relaxants, adequate recovery of 
voluntary respiration and neuromuscular transmission must be obtained prior to discontinua- 
ton af respiratory assistance and there should be continuous patient observation. Satisfactory 
recovery may be defined by a combination of clinical judgement. rescuratory measurements and 
observation of the effects of peripheral nerve stimulation. If there is any doubt concerning the 
adequacy of recovery from the effects of the nondepolarizing muscle relaxant, artificial 
vertiation shouid be continued until all doubt has been removed. 


Use in Pregnancy--The safety of pyridostigmine bromide during pregnancy or lactation in 
humans has not been established. Therefore its use in women who are pregnant requires 
weaghing the drug's potential benefits against its possible hazards to mother and child. 

ADVERSE REACTIONS—The side effects of pyridostigmine bromide are most commonly 
related to overdosage and generally are of two varieties, muscarinic and nicotinic. Among those 
in The former group are nausea, vomiting. diarrhea, abdominal cramps. increased peristalsis. 
increased salvation, increased bronchial secretions, miosis and ciaphoresis. Nicotinic side 
-— efects are comprised chiefly of muscle cramps, fasciculation and weakness. Muscarinic side 


effects can usually be counteracted by atropine. As with any compound contairing the bromide 
radical, a skin rash may be seen in an occastonal patient. Such reactions usually subside 
promptly upon discontinuance of the medication. Thrombophlebits has been reported 
subsequent to intravenous administrator. 


DOSAGE AND ADMINISTRATION—Wrer pyndostigmine bromide is given intravenously to 
reverse the action of muscle relaxant drugs, itis recommended that atropine sulfate (0.6 to 1.2 
mg )}or glycopyrrolate in equipotent doses be given intravenously immediately prior to or 
simultaneous with its administration. Side effects. notably excessive secretions and bradycar- 
dia are thereby minmmized. Reversal dosages range from 0.1-0.25 mg. /kg. Usually 10 or 20mg 
of pyndostigmine bromide wil be sufficient for antagonism of the effects of the nondepoiarizing 
muscie relaxants. Although full recovery may occur within 15 minutes in most patients, others 
may require a half hour or more. Satisfactory reversal can be evident by adequate voluntary 
respiration, respiratory measurements and use of a peripheral nerve stimulator device. ft is 
recommended that the patent be well ventilated and a patent airway mamtained unt! complete 
recovery of norma! respiration is assured. Once satisfactory reversal has been attained, 
recuranzation has not been reported. 

Failure of pyndostigmine bromide to provide prompt (within 30 minutes) reversal may occur, 
eg in the presence of exireme debilitation, carcinomatosis, ar with concomitant use of certain 
broad spectrum antibiotics or anesthetic agents, notably ether. Under these circurnstances 
ventilation must be supported by artificial means unti fhe patient has resumed control of Ris 
respiration 
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An anesthesia ventilator must work with 
you and your patients to provide efficient 
breathing support. And it must be easy 
to use, with a minimum of adjustments. 


In short, it must- be simple...like the 
Ohio” V5 Controller Ventilator. 


You just dial in typical breathing pa- 
rameters to baselines clearly marked on 
the control panel: |:E = 1:2, 10 breaths 
per minute, 7.5 LPM volume. From 
these points you adjust the unit to pre- 
cisely match your patient's needs. 
Quickly and easily. With a minimum of 
guesswork. 


All told, the Ohio V5 places everything 
you need for anesthesia ventilation at 
your fingertips. Including a-manual 
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Simple on the outside. Advanced on 
the inside. 


The Ohio V5 utilizes a hybrid fluidic 
pneumatic logic system to control all 
ventilator functions, even the integral 
low pressure alarm. Its quietly reliable 
so you can concentrate on patient man- 
agement, not the equipment. 


The Ohio V5 Controller Ventilator helps 
uncomplicate your anesthesia proce- 
dures with simple controls. To keep you 
in control. 


UNiO Medical Products 


3030 Airco Drive, PO Box 7550 
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Bnef Summary of Prescribing Information = 
INDICATIONS NARCAN is indicated for the complete of parha! 
reversal of narcotic depression, including respiratory depression 
induced by opioids including naturol ond synthetic narcotics. oO- 
poxyphene ond the norcotic-ontagonis! andigesics, natbuprane 
pentozocine ond fulorphano! NARCAN is aiso indicated for the 
diagnos:s of suspected acute opioid overdosage 

CONTRAINDICATIONS NARCAN is contraind:catad in patients known 
to be hypersensitive fo it 
WARNINGS NARCAN should be administered couhously to persons 
including newborns of mothers who are known oF suspected fo be 
physically dependent on opioids in such cases on abrupt and 
compiete reversal of narcotic effects may precipitate an acute 
abstinence syndrome 

The patient who has satistactorily responded to NARCAN shauid be 
kept under continued surveillance and tapewed doses of NARCAN 
should pe adrpnisiered, as necessary. gence the duration of achon of 
some narcotics may exceed that of NARCAN 

NARCAN is not effechve agains! respiratory depression due fo 

non-opioid drugs 

Usage in Pregnancy: Sofe use of NARDAN duang pregnancy (other 
than labon has nol been established Arima: reproduchen studies 
have nof demonstrated teratogenic of other embryetoxic fects (See 
ANIMAL PHARMACOLOGY AND TOXICOLOGY) However NARCAN 
should be cdrrunistered io pregnant parents only when on the 
judgment of tne physician. the potential beneits outweigh Me 
possibie hazards 
PRECAUTIONS In oddition to NARCAN. other resuscilotive easures 
sugh os maimenance of o free dirnway, orifice! Pyentiicton, cardiac 
massage. and vasopressor agents should be avaiable and em- 
ployed when necessary fo counteract acute narcotic poisoning 

in an isolated report two patents wilh pre-existing ventricuio: 
senfoburty requinng lidocame, and edher isoprolerenol or epinmephnane 
for hypotension following cardiopulmonary bypass procedures. 
developed ventricular tachycardia or nbriiathion when given NARCAN 
iy at 9 and 14 hours, respectively. postoperatively for persistent 
unresponsiveness Although a direct cause and effect relahonsnip 
hos not Been established NARCAN should be used with caution in 
pohents with cardiac unfabiity 

In fore cases. reversal of narcohc anesthesia hos resulted in 
pulmonary edema 
ADVERSE REACTIONS Abrup! reversal of norcotic depression may 
resulf in nausea. vomiting, sweating. tachycardia. increased biood 
pressure, Gnd trarnulausness in postoperafive pohents excessive 
dosage af NARCAN may resuill in Significant reversal of anaigesia. 
and excitement in some cardioc patients, the resultant hypertension 

d tachycardia may result in left ventrcular failure and pulmonary 
edema inthe opsence of narcohes ngioxone 5 essentially devoid af 
side effects 
DOSAGE AND ADMINISTRATION NARCAN (naloxone hydrochio- 
nde} muy be administered invavenoustly intramuscularly, GF sudcu- 
fanecusly The mesi rapid onset of action is achieved by intravenous 
odministrahan and Wis recommended in emergency situations 

Since the duration of achon of some narcotics moy exceed that of 
NARCAN the potent should be kept under continued survesiance and 
repeated doses of NARCAN shouid be admunisterad, as necessary 
USAGE IH ADULTS Narcotic Overdose — Known or Suspected: The 
usual inital adult dose is O 4 mg (tT mt} NARCAN administered IV. 
iM 5C ithe desved degree of counterachon and improvement in 
resprratory funchon s notoblained immediately following V admin- 
istration. i moy be repeated intravenously at 2 to 3 minute intervals 
Failure to obtain significant improvement afer 2 or 3 doses suggests 
thatthe condhon maoy be due partly of compigtely to other disease 
processes ornon epod drugs 
Postoperative Norcotic Depression: For ine partal reversal of 
narcohe depression following the use of narcotics dunng 9 Surgery. 
smaller doses of NARCAN are usually sufficient The dose of NARCAN 
should be trated according fo the pahent’s respense For the imho! 
reversal of respvatory depression, NARCAN should be iyected in 
increments of O | ta O 2 mg intravenously at two to three minute 
infervais lo ihe desired degree ol reversal €, adequate ventdahon 
and Giertnass without significant pain of discomfort Excessive 
dosage of NARCAN may resullin significant reversal of anaigesia and 
increase in blood pressure Similarly too rapid reversal may induce 
ndusead, vomiting. sweating of crculatory stress 

Repeat doses of NARCAN may be required within one ‘o fwo hour 
infervals depending upon theamount type Ge shortariong acting) 
and fine inlerval since last administration of narcohc Suoplerenta! 
inframusculor doses have been shown fo produce a longer lasting 
affect 
USAGE IN CHILDREN Narcotic Overdose Known of Suspected: 
The usuaiiaital chid dose is O Ol mg kg body weight given! V IM 
aS Tus dose may be repeated in accordance with the adult 
administration guideline If necessary NARCAN can be diluted wilh 
Stenie water fer mjechon 
USAGE IN NEONATES Norcotic-induced depression: fhe usut 
ntal dose:s O Ol mg kg body weigh! administered 1 v.i M ars ¢ e 
This dose may be repeoled in accordance with adult odmumstaron 
guidelines 
HOW SUPPLIED O 4 mg mu of NARCAN (naloxone nycrochlonde) 
for intravenous. mframuscular ond subcutaneous admunistahon 
Avguabie as follows 


imi ampus in boxes of } NOC 0590-0365-10 
i mi disposable prefilled synnges 
boxas a 10 NDC 0590 0365-15 
poxes of 25 NDC 05960-0565-25 
Omi vials NDC 0590-0365-05 


OOZ mg mi ot NARCAN  ¢ncioxone hydrochionde) NEONATAL 
INJECTION for intravenous intramusculdr and’ subcutaneous od- 
ministation Avaiahie as 
2 mm amouis in pores of 10 NDC 0590-0367-10 
6108-2 
NARCAN is oregistered U S trademark of Endo Pharmaceuticals, inc 


Endo Pharmaceuticals, Inc. 


SUBSIDIARY OF ENDO LABORATORIES. INC 
SUBSIDIARY DF THE DU PONT COMPANY 
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ADDRESS CHANGE NOTICE 


International Anesthesia Research Society 
3645 Warrensville Center Road 
Cleveland, Ohio 44122 


Please change my mail address for ANESTHESIA and 
ANALGESIA, effective 





From—(Current or former address) 


Street Address 


City, State, Zip Code 


Important: Show your name and address exactly as 
your Journal is now addressed. 


Street Address 


NARNIA ENN Aate bhe ada A a eo ee E A A AE RAI MA LA cd RAA AAAA A gp AAEE A HSS A A AAAA A aieiaiei in: 


City, State, Zip Code 
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Print Your Name 


hermalert Monitoring 


"© DIGITAL DISPLAY 

Gives ‘early warning’ of 
temperature changes. 

» HIGH STABILITY 
Permanent calibration like a 
glass thermometer. 

e SAFETY 
Low voltage battery operation. 


+ BATTERY LIFE: 
10 MONTHS DAILY USE 
No battery re-charging, ever. 


PREMIUM MODEL TH-6 only 
+ TEMPERATURE RANGE COVERS 


HYPOTHERMIA AND 
HYPERTHERMIA 


AAi Nanan, 


TEMPERATURE Of 


Model TH-6 Premium Monitor Thermometer with column clamp THICC 


Thermalert thermometers are intended for continuous clinical types, needle probes and micro-probes. They also 


temperature monitoring in the OR and for use in spe- 
cialized techniques such as hypothermic surgery. Therm- 
alerts are as easy to use as glass thermometers, and much 
easier to read. They can indicate a patient's temperature in 
less than 20 seconds, which makes them ideal also for 
rapid screening of large groups such as blood donors. 


These thermometers use Bailey type T interchangeable 


accept new disposable temperature-sensing stethoscope 
catheters such as those made by National Catheter Co. 


Their digital display enhances reading accuracy and 
provides early warning of a temperature change, since a 
movement of 1/10th degree is immediately noticed. Therm- 
alerts are the most advanced monitor thermometers so far 
devised. i 


probes and sensors including our ‘patient confortable’ 


Model TH-6 on Adjustable Stand TTS- 


SPECIFICATIONS TH-5 


Temperature Range: .................. 25-45°C 


TH-6 


0-50°C 
0.1°C 
OTC +1 digit 0.1°C +1 digit 
Conforms to National Bureau of 
Standards tables, Monograph 125 
Readout: La aaa 1/2” liquid crystal 1" liquid crystal 


Battery Life: aaa 700 hours continuous 1500 hours continuous 


Use with Bailey Type T probes and microprobes (42 to choose from) 


SAFETY FEATURES 


Test of Display: ......0........., Automatic 
Automatic 2-stage warning 
Automatic Warning 
High-insulating plastic 
Safety Standards: .............. Conforms to: NFPA #56A, Inhalation Anesthetics UL #544, 1972 
ANSI/AAMI Safe Current Limits for Electronic Apparatus 


Baile 


INSTRUMENTS fc 


For further information call 
(201) 845-7252, Ext. 12 or write 


515 Victor St., Dept. AA, Saddle Brook, NJ 07662 
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Invest In An Anesthesia System That Is Growing 
With Your Needs. . . The F500 Now With ECAV. 


Foregger’s new Electronically Controlled Anesthesia Ventilator 
(ECAV) is designed for use with both adults and pediatric 
patients. ECAV is a time cycled, pneumatically powered and 
electronically controlled ventilator providing improved accuracy 
and versatility. Increased rate and |:E-Ratio settings and inter- 
changeable adult and pediatric bellows assemblies simplifies 
set-up for a wide range of patient applications. 


An adjustable airway pressure alarm helps to warn of patient 
circuit disconnects, constant low or high patient circuit pres- 
sure or low breathing rates. 


An integral pack of rechargeable NiCad batteries will provide 
routine ventilator control for up to two hours in the event of 
main line power failure. 





3 to 60 breaths per minute. 

1:1 to 1:5 I:E ratio. 

Ascending Fill Bellows 

Built in PEEP valve 

Emergency battery back up 

Manual inspiration control 

Adjustable alarm range of 8 to 40 cmH20 


Puritan-Bennett Corporation 


ye FOREGGER Foregger Medical Division 
835 Wheeler Way 
PURITAN-BENNETI MEDICAL DIVISION Langhorne, PA 19047 
CORPORATION 215-752-9200 
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ii for over 25 years Nesacaine offers ideal advantages in regional 


anesthesia: rapid onset of action, rapid hydrol- 
ysis and rapid wear-off. Rapid onset allows 
rapid evaluation of the success of the nerve 
block and allays patient anxieties about anes- 
thetic effectiveness. Rapid hydrolysis by 
plasma cholinesterase gives Nesacaine a 
built-in safety mechanism. It minimizes 
chances of systemic, CNS or cardiovascular 
side effects, even when additional injections 
are given for prolonged surgical procedures. 
Rapid wear-off and lack of anesthetic after- 
effects permit outpatients to rapidly resume 
their normal activities. 


Nesacaine. An ideal choice for regional anes- 
thesia that has been used effectively and 
safely in millions of obstetric, surgical, and 
diagnostic procedures since 1956. 


Nesacaine 


(chloroprocaine hydrochloride) 


Please turn page for brief summary of prescribing information. 
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Nesacaine® 


(chloroprocaine hydrochloride) 


Nesacalne®-CE 


(chioroprocaine hydrochloride) 


BRIEF SUMMARY: 

Nesacaine, in multidose vials with preservative, is indicated for the 
production of local anesthesla by infiltration and regional nerve 
block; It should not be used for caudal or epidural anesthesia. 


Nesacaine-CE, in single dose vials without preservative, Is Indicated 
for the production of local anesthesia by Infiltration and regional 
nerve block, Including caudal and epidural blocks. 


Contralndications: hypersensitivity to drugs of the PABA aster group; 
central nervous system disease is a contralndication to caudal! or epl- 
dural block. 


Wamlngs: RESUSCITATIVE EQUIPMENT AND DRUGS SHOULD BE IM- 
MEDIATELY AVAILABLE WHEN ANY LOCAL ANESTHETIC IS USED. 


Usage in Pregnancy: Safe use of chioroprocaine HCI has not been 
established with respect to adverse effects upon fetal development. 


‘This fact should be carefully considered before administering the 


drug to women of childbearing potential, particularly during early 
pregnancy. 

Obstetrical Paracervical Block: Chloroprocaine Is not recommended 
for obstetrical paracervical block when toxemia of pregnancy is 
present or when fetal distress or prematurity is anticipated In advance 
of the block. Feta! bradycardia has been noted by electronic monitor- 
ing in about 5-10% of the cases where initial doses of 120 mg to 
140 mg of chloroprocaine were. used. The Incidence of bradycardia, 

within this dose range, might not be dose related. These data are 
limited and are generally restricted to non-toxamic cases where fetal 
distress or prematurity was not anticipated in advance of the block. 
The role of drug factors and non-drug factors associated with fetal 
bradycardia following paracervical block are unexplained at this time. 


In obstetrics, some oxytocic drugs may cause severe persistent hyper- 
tenslon'If vasoconstrictor drugs are used to correct hypotension or are 
added to the local anesthetic solution. 


Solutions containing vasoconstrictors, particularly epinephrine and 
norepinephrine, should be used with extreme caution In patients 
receiving MAO Inhibitors and tricyclic antidepressants, since severe 
prolonged hypertension may occur. 


Precautions: The safety and effectiveness of chloroprocaine HCI de- 
pends upon proper dosage, correct technique; adequate precautions 
and readiness for emergencies. 


Solutions ‘containing vasoconstrictors should be used cautiously in 


the presence of disease which may adversely affact the patient's car- . 


diovascular system, in areas. where the blood supply is limited, or 
when peripheral vascular disease is present., 


Injections should always be made slowly and with frequent aspiration 
to avoid inadvertent rapid Intravascular administration which can pro- 
duce systemic toxicity. 


_ Serious cardiac arrhytimtas may occur if preparations containing ä 


vasopressor are used in patients during or following the administra- 
tlon of chloroform, halothane, cyclopropane, trichlorethylene, or 
other related agents. 


Adverse Reactions: Systemic adverse reactions result from high 
plasma levels due to rapid absorption, Inadvertent Intravascular 
Injection, excessive dosage, hypersensitivity, idiosyncrasy, or dimin- 
ished tolerance. Central nervous system reactions: excitation and/or 


` depression; restlessness, anxiety, dizziness, blurred visión, or 
. tremors, possibly proceeding to convulsions. Depression may be the 


first manifestation followed by drowsiness merging ume unconscious- 
ness and respiratory arrest.. 


Cardiovascular system reactions: depression of the myocardium 
manifested by an initial episode of hypotension, bradycardia, and 


. cardiac arrest. 


Neurologic adverse reactions: In the practice of epidural block, occa- 
sional inadvertent penetration of the subarachnoid space may occur; 


subsequent reactions may include spinal block of varying magnitude, 


loss of bowel and bladder control, loss of perineal sensation and sex- 
ual function. Persistent neurological deficit of some lower spinal 
sagments with slow recovery {several months) has been feponee In 
rare Instances: f . 


Dosage and Administration: See full prescribing information. 


NESACAINE is supplied in 1% and 2% solutions in 30 ml multiple 
dose vials: 


NESACAINE-CE Is supplied In 2% and 3% solutions in 30 ml single 
dose vials. 
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].A.R.S. 1982 


REVIEW COURSE 
LECTURES 


Booklet containing 14 Review 
Course Lectures given at the 56th 
Congress in March 1982 is 
available from I.A.R.S. Cleveland 
business office at $5.00 per copy. 
Supply is limited and orders will 
be filled on basis of receipt date of 
order. Send check payable to 
“International Anesthesia Research 
Society.” > 


eeseseseesees eevee ee eee eeeseeeseeseeeeeaeeeees 


1.A.R.S. 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


is check for $———— for 
copy(ies) of “1982 Review 
Course Lectures” to be sent to: 


Enclosed 


(Name) 


(Mail Address) 





(City, State, Zip) 


Announcing a 
new anesthetic concept 





Introducing a | 
new anesthetic technique: 


This new technique—pre-intubation analgesic loading— 
involves administering enough SUBLIMAZE® ( fentanyl) 
prior to intubation to last generally the length of the 
procedure. Pre-intubation upfront loading employs the 
pharmacokinetic properties of SUBLIMAZE * (fentanyl) to 
best advantage compared with p.r.n. use or administration 
of the drug incrementally throughout the procedure. 





For further information and general guidelines on pre-intubation analgesic loading with SUBLIMAZE (fentanyl). 
please contact your Janssen representative or write Janssen Pharmaceutica. 


JANSSEN 


PHARMACEUTICA 





fl 








Pre-intubation analgesic 
loading with 


Sublimaze 


fentanyl) Injection € 


1. Provides maximum 
protection just prior to 
anesthetic and surgical stress 


Upfront loading immediately before 
intubation puts the maximum amount of 
SUBLIMAZE’ (fentanyl) on board just 

prior to laryngoscopy, intubation and 
incision, the stimuli responsible for maximum 
stress. (SUBLIMAZE helps attenuate rises 

in blood pressure and pulse rate.) 


2. Eliminates 

“chasing the patient” 

This new technique helps prevent sympathetic 
breakthrough and all the problems that stem 
from “chasing the patient?” 

3. Permits most patients 

to breathe spontaneously 

at completion of surgery * 


4. Reduces need for 
postoperative narcotics 


Postoperatively, residual plasma and tissue 
levels provide sufficient analgesia to minimize 
the need for additional narcotics. 





ng/ml of Plasma 


Pharmacokinetics of a single LV. dose 
of 6.4 ug/kg fentanyl base in man’ 
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0.6 


0 | 2 3 4 5 6 7 8 
Hours after injection 
Slightly depressed spontaneous respiration below 1.5 ng/ml; normal 
respiration below 0.7ng/ml. 
*Note: Respiratory depression may last longer than analgesic action 
and this risk increases with increasing doses. 


l. McClain DA and Hug CC. Jr.: Intravenous fentanyl kinetics. Clin 
Pharmacol Ther 28( 1): 106-114. 1980. 


Please see brief summary 


, : : E of Prescribing Information 
Available in easy-to-use 10 ml ampoules 


ON NeXT Page. 


Sublimaze’ 
(fentanyl) Injection € 


Protect from light. Store at room temperature. 


Before prescribing. please consult complete prescribing information, of which the following 1s a brief summary 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 
DESCRIPTION 
Each mi. contains: 


.... 30 meg. (0.05 mg} as the citrate 


CONTRAINDICATIONS 
SUBLIMAZE (fentany!) is contraindicated in patients with known intolerance to the drug. 


WARNINGS 
AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE RECEIVED SUBLIMAZE {fentany!) SHOULD HAVE 
APPROPRIATE SURVEILLANCE. 
RESUSCITATION EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE READILY AVAILABLE TO MANAGE APNEA, 
See aiso discussion of narcotic antagonists in Precautions and Overdosage. 
if SUBLIMAZE (fentany!} is administered with a tranquilizer such as IVAPSINE (droperidol), the user shauid familiarize 
himself with the special properties of each drug, particularly the widely differing duration of action. in addition. when 
such a combination is used, fluids and other countermeasures to manage hypotension shouid be available. 
As with other potent narcotics, the respiratory depressant effect of SUBLIMAZE (fentanyl) may persist longer than the 
measured analgesic effect. The total dose of all narcotic analgesics administered should be considered by the 
practitioner before ordering narcotic analgesics during recovery from anesthesia. It is recommended that narcotics, 
when required, should be used in reduced doses initially, as low as V4 to v3 those usually recommended. SUBLIMAZE 
(fentanyl) may cause muscle rigidity, particularly invoiving the muscles of respiration. The effect is related to the speed 
Of injection and its incidence can be reduced by the use of slow intravenous imection. Once the effect occurs, if 1s 
maraged by the use of assisted or controlled respiration and, (f necessary, by a neuromuscular blocking agent 
compatible with the patient's condition. Where moderate or high doses are used (above 10 meg -ko.j there must be 
adequate facilities for postoperative observation, and ventilation if necessary. of patients who have received 
ee (fentanyl), It is essentia! that these facilities be fully equipped to handie af degrees of respiratory 
lepression, 
Brug Dependence—-SUBLIMAZE (fentanyl) can produce drug dependence of the morphine type and, therefore, has 
the potential for being abused. 
Severe and unpredictable potentiation by MAO inhib:tors has been reported with narcotic analgesics. Since the safety 
of fentany! in this regard has not been established, the use of SUBLIMAZE (fentany!} in patients who have received MAO 
inhibitors within 14 days is not recommended. 
Head injuries and increased Intracranial Pressure— SUBLIMAZE ifentany!) should be used with caution in patients 
who may be particularly susceptible to respiratory depression, such as comatose patients whe may have a head injury 
or Drain tumor. In addition SUBLIMAZE (fentany!} may obscure the clinical course of patients with head injury 
pet in Children The safety of SUBLIMAZE {fentanyl} in children younger than two years of age has not been 
established. 


Usage in Pregnancy— The safe use of SUBLIMAZE (fentanyl) has not been established with respect to possible 
adverse effects upon fetal development. Therefore, it should be used in women of childbearing potential only when. in 
the judgment of the physician. the potentia! benefits outweigh the possible hazards. There are insufficient data 
regarding placental transfer and fetal effects: therefore. safety for the infant in obstetrics has not been established 


PRECAUTIONS 

The initial dose of SUBLIMAZE (fentanyl) should be appropriately reduced in elderly and debilitated patients, The effect 
of the initia dose should be considered in determining incremental doses. Nitrous oxide has been reported to produce 
cardiovascular depression when given with higher doses of fentanyl. 

Certain forms of conduction anesthesia, such as spinal anesthesia and some peridura! anesthetics, can alter 
respiration by blocking intercostal nerves. Through other mechanisms SUBLIMAZE ffantany!) can also alter respira- 
tion. Therefore, when SUBLIMAZE (fentany!) is used to supplement these forms of anesthesia. the anesthetist should 
be familiar with the physiological alterations involved, and be prepared to manage them in the patients selected for 
these forms of anesthesia. 

When used with a tranquilizer such as INAPSINE (droperidol), blood pressure may be altered and hypotension can 
occur. 


Vital signs should be monitored routinely. 

SUBLIMAZE (fentanyl) shouid be used with caution in patients with chronic obstructive pulmonary disease, patients 
with decreased respiratory reserve, and others with potentially compromised respiration. in such patients. narcotics 
May additionally decrease respiratory drive and increase airway resistance. During anesthesia, this can be managed by 
assisted or controlled respiration. Respiratory depression caused by narcotic analgesics can be reversed by narcotic 
antagonists. Appropriate surveillance shouid be maintained because the duration of respiratory depression af duses of 
fentany! employed during anesthesia may be longer than the duration of the narcotic antagonist action. Consult 
individual prescribing information (levallorphan. nalorphine and naloxone) before employing narcotic antagonists. 
When a tranquilizer such as INAPSINE (droperidol) is used with SUBLIMAZE (fentany!} pulmonary arterial pressure 
may be decreased. This fact should be considered by those who conduct diagnostic and surgical procedures where 
interpretation of pulmonary arterial pressure measurements might determine final management of the patient. When 
high dose or anesthetic dosages of SUBLIMAZE (fentanyl) are employed, even relatively small dosages of diazepam 
may Cause cardiovascular depression. 

Other CNS depressant drugs (e.g. barbiturates. tranquilizers, narcotics, and generai anesthetics) wili have additive or 
potentiating effects with SUBLIMAZE (fentanyl). When patients have rece:ved such drugs. the dose of SUBLIMAZE 
(fentany!} required will be less than usual. Likewise, following the administration of SUBLIMAZE {fentany!), the dose of 
other CNS depressant drugs should be reduced. 

SUBLIMAZE (fentany!) should be administered with caution to patients with liver and kidney dysfunction because of the 
importance of these organs in the metabolism and excretion of drugs. 

SUBLIMAZE {fentanyl} may produce bradycardia, which may be treated with atropine: however, SUBLIMAZE { fentanyl} 
shouid be used with caution in patients with cardiac bradyarrhythmias. 

When SUBLIMAZE (fentanyl) is used with a tranquilizer such as INAPSINE (droperidol) hypotension can occur If this 
occurs, the possibility of hypovolemia should also be considered and managed with appropriate parenteral tuid 
therapy. Repositioning the patient to improve venous return to the heart should be considered when operative 
conditions permit. Care should be exercised in moving and positioning of patients because of the possibilty of 
orthostatic hypotension. If volume expansion with fluids plus other countermeasures do not correct hypotension, the 
administration of pressor agents other than epinephrine shouid be considered Because of the aipha-adrenergic 
blocking action of INAPSINE (droperidol), epinephrine may paradoxically decrease the blood pressure in patients 
treated with INAPSINE (droperido!). 

When iNAPSINE (droperidol) is used with SUBLIMAZE (fentanyi} and the EEG is used for postoperative monitoring, it 
may be found that the EEG pattern returns to normal slowly 


ADVERSE REACTIONS 

As with other narcotic analgesics, the most common serious adverse reactions reported to occur with SUBLIMAZE 
(fentanyl) are respiratory depression, apnea, muscular rigidity, and bradycardia: if these remain untreated. respi ratory 
arrest. circulatory depression or cardiac arrest could occur. Other adverse reactions that have been reported are 
hypotension, dizziness. blurred vision, nausea, emesis. laryngospasm, and diaphoresis. 

it has been reported that.secondary rebound respiratory depression may occasionally occur postoperatively. Patients 
shouid be monttored tor this poss:bility and appropriate countermeasures taken as necessary. 

When a tranquilizer such as INAPSIVE (droperidol) is used with SUBLIMAZE (tentany/), the following adverse reactions 
can occur: chills and/or shivering, restlessness, and postoperative hallucinatory episodes (sometimes associated with 
transient periods of mental depression): extrapyramidal symptoms (dystonia, akathisia, and oculogyric crisis) have 
been observed up to 24 hours postoperatively. When they occur, extrapyramidal symptoms can usually be controlled 
with anti-parkinson agents. Postoperative drowsiness is aiso frequently reported following the use of INAPSINE 
(droperidol), 





Elevated blood pressure, with and without pre-existing hypertension, has been reported following administration cf 
SUBLIMAZE (fentanyl) combined with IWAPSINE (dropendol). This might be due ta unexplained alterations in 
sympathetic activity following large doses: however itos also trequently attributed to anesthetic and surgia! 
shmulation during light anesthesia. 


DOSAGE AND ADMINISTRATION 


Vital signs shouid be monitored routinely. 

i Premedication-—-Premedication ite be appropriately modified in the eiderly, debilitated, and those who have 
received other depressant drugs}—-50 te 100 meg. (0.05 to 0.1 mg to 2 mi} may be administered 
intramuscularly 30 to 60 minutes prior to surgery. 

He Adjunct to General Anesthesia-—See Dosage Range Chart 

fi, Adjunct to Regional Anesthesia—50 to 100 meg. (0.05 to 0.1 mo X1 to 2 mio may be administered 
iMtramuscularly or siowly intravenously, aver one to two minutes, when additional analgesia is required 

NV Postoperatively {recovery room)—50 to 100 meg. (0.05 to 0.1 mgit to 2 mi} may be administered 
intramuscularly for the control of pain, tachypnea and emergence delirium. The dose may be repeated in one to 
two hours as needed 

Usual Children’s Dosage: For induction and maintenance in chidren 2 to 12 years of age. a reduced dose as low as 20 

to 30 meg. (0.02 to 0.03 mg 10.4 to 0.6 mi) per 20 to 25 pounds is recommended 


DOSAGE RANGE CHART 


TOTAL DOSAGE 
Low dose-- 2 mcg. kg. {.002 mg. ’kg.} (04 mi kg.) SUBLIMAZE * imection Fentanyl in smail doses is most 
useful for minor, but painful. surgical procedures. in addition to the analgesia during surgery, fentany! may also 
provide Some pain refief in the immediate postoperative period. Maintenance: Additional dosages of 
SUBLIMAZE * injection are infrequently needed in these minor procedures. 

Moderate dose—-2-20 meg “kg. (.002-.02 mg. /kg.){.04-0.4 mi. /kg.) SUBLIMAZE” Huecton. Where su- 
gery becomes more major, a targer dose is required. With thus dose. m addition to adequate analgesia, one 
would expect to see some abolition of the stress response. However, respiratory depression wall be such that 
artificial ventdation during anesthesia is necessary, and careful observation of verhiation postoperatively is 
essenhal. Maintenance: 25 to 100 meg. (0.025 to 0.1 mg. X05 to 2.0 mi.) may be administered intravenously 
Gf intramuscularly when movement and/or changes in vital signs indicate surgical stress or ightening of 
analgesia 

High dose--20-50 meg ky (.02-.05 mg kg }(0.4-4 mickg t SUBLIMAZE* injection Dunng open heart 
Surgery and certain more complicated neurosurgical and orthopedic procedures where surgery is more 
prcionged, and in the opimon of the anesthesiologist, the stress response to Surgery would be detrimental to 
the well being of the patient, dosages of 20-50 meg. /kg. (.02-.05 mg.}(0.4-1 mi.) of SUBLIMAZE * injection 
with mitrous oxide oxygen Nave been shown to atenuate the stress response as defined by increased levels of 
circulating growth hormone. catecholamine, ADH. and prolactin 

When dosages in this range nave been used during surgery. postoperative ventvation and observation are 
essential due to extended postoperative respiratory depression 

The main objective of this technique would be to produce “stress free” anesthesia. Maintenance Maintenance 
dosage (ranging from 25 meg. (.025 mg.}{0.5 mi) to one half the initial loading dose} wili be dictated by the 
changes in vital signs which indicate stress and lightening of analgesia. However. the additional dosage 


selected must be individualized especially if the anticipated remaining operative time is short 


As a General Anesthetic 

When attenuation of the responses to surgical stress is especially important, doses of 50 to 100 meg. ‘kg. (.05 fo 0.4 
mg. kg.}(1 to 2 mi. /kg.} may be admimstered with oxygen and a muscie relaxant. This technique has been reported to 
provide anesthesia without the use of additional anesthetic agents. In certam cases. doses up to 180 meg. /kg. 1.15 
mg. kg. }{3 mi. ikg.) may be necessary to produce this anesthetic effect. R has been used for open neart surgery and 
certain other major surgical procedures in patients for whom protection of the myocardium from excess oxygen 
demand is particularly indicated, and for certain complicated neurological and orthopedic procedures. 

As noted above. it is essential that qualified personne! and adequate facilities be available for the management of 
respiratory depression. 

See Warnings and Precautions for use of SUBLIMAZE (fentany!} with other CNS depressants, and in patients with 
aiferer response. 


OVERDOSAGE 

Manifestations: The manifestations of SUBLIMAZE (fentany!) overdosage are an extension of its pharmacologic 
actons. 

Treatment: in the presence of hypoventilation or apnea, oxygen shouid be administered and respiration should be 
assisted or controlled as indicated. A patent airway must be maintained: and oropharyngeal airway of endotracheal 
lube might be indicated. H depressed respiration is associated with muscular rigidity, an intravenous neuromuscular 
blocking agent might be required to facilitate assisted or controlled respiration. The patient should be caretully 
observed for 24 hours; body warmth and adequate thud intake should be maintained. if hypotension occurs and 1s 
severe or persists, the possibility of hypovolemia should be considered and managed with appropriate parenteral fluid 
therapy A specific narcotic antagonist such as nalorphine. levallorphan. or naloxone should be available tor use as 
indicated to manage respiratory depression. This does not preclude the use of more immediate countermeasures. The 
duration of respiratory depression following overdosage of fentanyl may be longer than the duration of narcotic 
antagonist action. Consult the package insert of the individual narcotic antagonists for details about use. 


HOW SUPPLIED 
2m and 5 mi. ampoules—- packages of 10. 
NOC 50458-030-02 NDC 50458-030-05 
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March, 1980. Revised June, 1980. January 1987 
U.S. Patent No. 3, 164 606 


10 mi. and 20 mi. ampoules-—-packages of 5. 
NDC 50458-030-10 NDE 50458-030-20 

(For sntravenous use by hospital personne! 
specifically trained in the use af narcotic analgesics}. 
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ompare the whole package 


Compared to the Physio-Control VSM™ 1 vital 
signs monitor, some new competitive monitors are 
bigger, fancier and more expensive. And some are 
less so. But more and more professionals are 
choosing the VSM 1 vital signs monitor because it's 
the best total package. Consider: No other monitor 
in this field gives so much capability in so small a 
package at so low a price. Its truly portable. Truly 
versatile. Truly the best value in the market. And, 
backed by the service team that’s truly the best in 
the country. The Physio-Control VSM 1 vital signs 
monitor. See it and compare for yourself. 





e VSM 1 Vital Signs Monitor from Physio-Control. 





Physio-Control Corporation - Cardiovascular Division - 11811 Willows Road - Redmond, Washington 98052 USA - (206) 881-4000 
iC 


“W982? Physio-Contral Corporation 


Now, from ASTRA, 
the anesthetic of choice, in the 
only kit that gives you a choice 


Introducing the 


DUO-TRACE 


Deliversthe _ 
laryngotracheal 
anesthetic of choice, 
_Xylocaine' the original 
idocaine HCI solution 


LI The Xylocaine name is your assurance of 
quality and effectiveness. 


Lefts you choose 
— the intraoral or 
_ transtracheal route 
of administration 


LI The anatomically curved cannula 40 7 O 
provided, conveniently allows administra- sE Jers bl oak covenant 
tion via the intraoral approach. * jets evenly positioned for full l 


J For transtracheal injection, simply discard coverage of larynx and trachea 














the cannula and attach the needle of your Guide mark ` 
choice. Most needles adaptthemselves “© d convenient indicator for 
readily to the luer fitting. proper positioning during use 





Terminal jet ‘ 
© covers rache = ~ 
bronchial junction 





A sterile, disposable, 


prefilled syringe and cannula kit 
for convenient laryngotracheal 
anesthesia prior fo intubation, 


diagnosis, surgery. 





















m 25% more drug than other kits” 
$ contains 5ml Xylocaine" (lidocaine HC!) 4% Solution 
to allow for greater range of dosage determination 


Calibrated barrel 
® marked in 1/2 ml increments to aid in 
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proper dose determination and accuracy of Bly strap 
drug delivery » an extra precaution 

. against inadvertent 
Prefilled syringe cannula 


è totally sterile and self-contained disengagement 


$ no vial to insert, no risk of contamination 


Hub guard 
© a simple twist 
quickly activates 
- the syringe and 
readies the unit 
% forattachment — 
| ofcannulaor ` 


needle y 


ts you choose either intraoral or 
transtracheal routes of administration 
at your discretion 


Cannula 

il 2 Be / * anatomically curved to facilitate 
E l a ie introduction into larynx and trachea. 
"g s easily attaches to syringe, virtually 
no assembly time 


* Although absorption of lidocaine from respiratory mucosa 
varies widely among individuals, blood concentrations 
achieved by this route can rise to levels comparable to 
those reached by similar doses infused intravenously, and 
in some cases almost as rapidly’? 


REFERENCES 

1. Blomage P: Concentrations of lidocaine in the blood 
after intravenous and endotracheal administration. 
Anaesthesia, 16:461, 1961. 

2. Chu S$: Plasma concentration of lidocaine after endotra- 
cheal spray. Anesth. Analg.. 54:438, 1975. 

3, Pelton D: Plasma lidocaine concentrations following 
topical aerosol application to the trachea and bronchi. 
Canad. Anaesth. Soc. J., 17:250, 1970. 
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{Please see followina oaae for a brief summarv of orescribina information.) 


E s firmly secures 
needle or cannula 
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Worcester, Massachusetts 01606 





Xylocaine’ 


(lidocaine hydrochloride} 


4% Sterile Solution 


Before prescribing of odministering, please consult complete product infor- 
mation, a summary of which follows: j 


CONTRAINDICATIONS: Lidocaine hydrochloride sterile solution is controindi- 
cated in paca with a known history of hypersensitivity either to local anes- 
thetics of the amide type or to other components af the sterlle sotution. 


PRECAUTIONS: The safety and effectiveness of ildocalne hydrochloride 
depend on proper dosage, correct technique, a ate precautions, and 
readiness for emergencies. Standard textbooks should be consulted for spo- 
cific techniques and precautions for various anesthetic procedures. 


The lowest dosage that results in effective anesthesia should be used, Injec- 
tion of repeated doses of lidocaine hydrochloride may cause significon 
increases in blood levels with each repeated dose due to siow accumuia- 
tion of the drug or Its metabolites. Tolerance varies with the status of the 
patient. Debilitoted, elderly patients, acutely Ul patients. and chikdren 
should be given reduced doses commensurate with thelr age and physical 
status. Lidocaine hydrochlonde should also be used with caution in patients 
with severe shock or heart block. 


As with all injections of local anesthetics, ratrotbuibar injection should always 
be made slowly and with frequent asplrations. 


Solutions to which a vasoconstrictor has been added should be used with 
caution in the presence of diseases which may adversely affect the patient's 
cardlovascular system. Sertous cardiac arhythmkas occur If prepara- 
tons containing a vasoconstrictor ara emptoyed in nts during or 
following the administration of chloroform, halothane, cyclopropane, tich- 
lorathylene, or other related agents. 


Lidocaine hydrochloride should be used with caution In persons with known 

Crug sensitivities. Patients cilergic to parc-aminobenzolkc acid derivatives 

poon sen benzocalne, etc.) have not shown cross sensitivity to 
oca . 


Local anesthetics react with certain metals and cause the release of thelr 
respective lons which, if Injected, may couse severe local Imitation. Ade- 
quate precaution: should be taken to avoid this type of Interaction. 


The safety of amide local anesthetics in patients with malignant hyperther- 
mia has not been assessed, and therefore, those agents should be used with 
caution in such patients. 


Drowsiness foliowing lidocaine hydrochioride injection is us an early indi- 
cation of a high blood level of the drug and may occur fol ng inactver- 
tent intravascular administration or absorption of lidocaine. 


ADVERSE REACTIONS: Adverse reactions may result from high plasma levels 
due to excessive dosage. rapid absorption or inadvertent intravascular 
injection. Such reactions are systemic in nature and involve the central ner- 
vous system and/or the cardiovascular system. A small number of reactions 
may result from rsensitivity, diosyncrasy or diminished tolerance on the 
part of the patient. 


CNS reactions are excitatory and/or depressant, and may be charactenzed 
by nervousness, dizziness, blurred vision and tremors, followed by drowsiness, 
convulsions, unconsciousness and possibly respiratory arrest. The excitatory 
reactions may be very brief or may not occur at all, in which case the first 
manifestations of toxicity may be drowsiness, merging into unconsclousness 
arkd respiratory arrest. 


Toxic cardiovascuiar reactions to local anesthetics are usually depressant In 
nature and are charactenzed by hypotension. myocardial depression, bra- 
Cycardia and possibly cardiac arrest. 


Treatment of a patient with toxic manifestations consists of assuring and 
maintaining a patent alrway, supporting ventilation with , ard 
assisted or Controlled ventilation (respiration) as required. This usually wil be 
sufficient in the management of most reactions. Should a convutsion persist 
despite ventilation therapy, small Increments of anticonvulsive agents may 
be given intravenously. Examples of such agents include benzodiazepine 
a.g. aaanami, ultrashort acting barbiturates (6.g., thiopental or thiamy- 
oa short acting barbiturate (e.g., pentobarbital or secobarbital). Car- 
diovascular depression may require circulatory assistance with Intravenous 
aids and/or vasopressons (6.g.. ephedrine) as dictated by the clinical situo- 


Allergic reactions may occur as a result of sensitivity either to local anesthet- 
ics of fo other components of the sterile soiution. Anaphyiacitoid symp- 
tomato and reactions. cheracterized by cutaneous lesions, urticarta, 
edema, kd be managed by conventional means. The detection of 
potential sensitivity by skin testing b of limited value. 

HOW SUPPLIED: Xytocaine (Iidocalne hydrochloride) 4% Sterile Solution: 

5m ampule, package of 10; 5 mi prefilied stote disposable syringe. 
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Astra Pharmaceutical! Products, Inc. 
Worcester, Massachusetts 01606 


LA.R.S. 
REVIEW COURSE 
LECTURES AVAILABLE 


1981-1982 


(  ) 1981-—-(55th Congress) —15 Review 
Course Lectures—-$5.00 


(_) 1982—(S6th Congress)—14 Review 
Course Lectures—$5.00 


To: International Anesthesia 
Research Society 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Please send Lecture Booklets checked 
above, at $5.00 per copy. 


My check, payable to LA.R.S. in the 
amount of $ is enclosed. 


(Name) 
(Mail Address) 


(City, State, Zip) 


(18) 














For one of 
medicine's most 
demanding skills... 
one of medicine’s 
most dependable 
agents 
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precise control. ..stability of heart rhythm... 
reduced relaxant requirement... prompt, smooth recove 
...organ toxicity rare or nonexistent 


p . years of 
Ethrane experjence 
(enflurane} salty 


Uhio Medical Anesthetic 


For compiete use information, please see following page. 
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Fthr gne enflurane 


CAUTION Federal Law Prohibits Dispensing without a Prescnption 


DESCRIPTION 


ETHRANE (enfiurane) (2-chloro-1,1,2-tnfiuoroethy! difluoromethyl ether) (CHF2OCF2CHFCI) is a nonflammable inhalation 
anesthetic agent The boiling point is 56.5°C at 760 mm Hg. and the vapor pressure (mm Hg) is 175 at 20°C 
218 at 25°C. and 345 at 36°C Vapor pressures can be calculated using the equation 


logi0P = A + B/T A = 7967 
B = — 1678.4 
T = °C + 273.16 (Kelvin) 
The specific gravity (25°/25°C).1s 1517. The retractive index at 20°C is 1 3026-1 3030 The biood/gas coefficient 
's 191 at 37°C and the oil/gas coefficient is 985 at 37°C 
Enfiurane ıs a clear, colorless, stable liquid whose Punty exceeds 99 9 percent (area % by gas chromatography) 
No stabilizers are added as these have been found, through controlled laboratory tests, to be unnecessary even 
in the presence of ultraviolet light Enflurane is stable to Strong base and does not decompose in contact with 
soda lime and does not react with aluminum, tin, brass, ron or copper The partition coefficients of enfiurane at 
25°C are 74 in conductive rubber and 120 in polyvinyl chionde 


CLINICAL PHARMACOLOGY 


ETHRANE (enfiurane) is an inhalation anesthetic The MAC (minimum alveolar concentration) in man is 1 68 percent 
in pure Oxygen, 0.57 in 70 percent nitrous oxide—30 percent oxygen, and 117 in 30 percent nitrous oxide—70 
percent oxygen 

Induction and recovery from anesthesia with enflurane are rapid. Enflurane has a mild, sweet odor Enfiurane 
may provide a mild stimulus to salivation or tracheobronchial secretions Pharyngeal and laryngeal reflexes are 
readily obtunded. The level of anesthesia can be changed rapidly by changing the inspired enflurane concentration 
Enflurane reduces ventilation as depth of anesthesia increases High PaCO2 levels can be obtained at deeper 
levels of anesthesia if ventilation is not supported. Enflurane provokes a sigh response reminiscent of that seen 
with chethy! ether 

There ıs a decrease in blood pressure with induction of anesthesia. followed by a return to near normal with 
surgical stimulation Progressive increases in depth of anesthesia produce corresponding increases in hypotension 
Heart rate remains relatively constant without significant bradycardia Electrocardiographic monitoring or recordings 
indicate that cardiac rhythm remains stable Elevation of the carbon dioxide level in artenal blood does no! alter 
cardiac rhythm 

Studies in man indicate a considerable margin of safety in the administration of epinephrine containing solutions 
Gunng enflurane anesthesia. Enfiurane anesthesia has been used in excision of pheochromocytoma in man without 
ventricular arrhythmias. On the basis of studies in patients anesthetized with enfiurane and injected with epinephnine 
containing solutions to achieve hemostasis in a highly vascular area (transsphenoidal surgery), it is recommended 
that 2 micrograms per kilogram (2 ug/kg) of epinephrine may be injected subcutaneously over a 10 minute pernod 
This may be repeated up to 3 times per hour 
Example: Up to 10 mi of 1 100,000 epinephrine containing solution (10 ug/ml) may be injected subcutaneously 
over a 10 minute penod in a 50 kilogram patient judged to have ordinary tolerance to epinephrine administration 


patent per hour The concomitant administration of lidocaine enhances the safety of the use of epinephnne during 
enfiurane anesthesia This effect of lidocaine is dose related All customary precautions in the use of vasoconstnctor 
substances should be observed 
Example Two: Alternatively, up to 20 mi of 1 200.000 epinephnine containing solution (5 ug/ml) may be substituted 
for 10 mi of 1 100,000 solution in the above example 

Muscle relaxation may be adequate for intra-abdominal Operation at normal levels of anesthesia Muscle relaxants 
may be used to achieve greater relaxation and all commonly used muscle relaxants are compatible with enfiurane 
The NON-DEPOLARIZING MUSCLE RELAXANTS ARE POTENTIATED in the normal 70 kg adult, 6 to 9 mg of d- 
tubocuranine or 1 to 15 mg of pancuronium will produce a 90 percent or greater depression of twitch height 
Neostigmine does not reverse the direct effect of enfiurane 

Biotranstormation of enflurane in man results in low peak levels of serum fluoride averaging 15 „M/L These 
levels are well below the 50 „M/L threshold level which can produce minimal renal damage in normal subyects 
However, patients chronically ingesting isoniazid or other hydrazine containing compounds may metabolize greater 
amounts of enflurane Although no significant renal dysfunction has been found thus far in such patents, peak 
serum fiuonde levels can exceed 50 uM/L. particularly when anesthesia goes beyond 2 MAC hours Depression 
of lymphocyte transformation does not follow prolonged enflurane anesthesia in man in the absence of surgery 
Thus enfiurane does not depress this aspect of the immune response 

Enflurane 0 25 to 10 percent (average 0.5 percent) provides anaigesia equal to that produced by 30 to 60 
percent (average 40 percent) nitrous owde for vaginal delivery. With either agent, patients remain awake, cooperative 
and onented Maternal blood losses are comparable These clinical approaches produce normal Apgar scores 
Senal neurobehavioral testing of the newborn during the first 24 hours of life reveals that neither enflurane nor 
nitrous Oxide analgesia is associated with obvious neurobehaviral alterations. Neither enflurane nor nitrous oxide 
when used for obstetrical analgesia alters serum BUN, creatinine. unc acid or osmolality The only difference in 
the use of these two agents for obstetrical analgesia appears to be higher inspired oxygen concentration that 
may be used with enflurane 


this has not been demonstrated within the recommended dosage range (see DOSAGE AND ADMINISTRATION 
section) Mean estimated biood loss in patients anesthetized for therapeutic abortion with 1 percent enflurane in 
70 percent nitrous oxide with oxygen is approximately twice that noted following therapeutic abortion performed 
with the use of a local anesthetic technique (40 mi versus 20 mi) 


INDICATIONS AND USAGE 


ETHRANE (enflurane) may be used for induction and maintenance of general anesthesia Enflurane may be used 
to provide analgesia for vaginal delivery Low concentrations of enflurane (see DOSAGE AND ADMINISTRATION) 
may also be used to supplement other general anesthetic agents during delivery by Cesarean section Higher 
concentrations of enflurane may produce utenne relaxation and an increase in uterine bleeding 


CONTRAINDICATIONS 


Seizure disorders (see WARNINGS) 
Known sensitivity to ETHRANE (enfiurane) or other halogenated anesthetics 
Known or suspected genetic susceptibility to malignant hyperthermia 


WARNINGS 


Increasing depth of anesthesia with ETHRANE (enflurane) may produce a change in the electroencephalogram 
charactenzed by high voltage, fast frequency, progressing through spike-dome complexes alternating with penods 
of electrical silence to frank seizure activity The latter may or may not be associated with motor movement Motor 
activity, when encountered, generally consists of twitching or “jerks of various muscle groups. it ts self-limiting 
and can be terminated by lowenng the anesthetic concentration. This electroencephalograptuc pattern associated 
with deep anesthesia is exacerbated by low arterial carbon dioxide tension A reduction in ventilation and anesthetic 
concentrations usually suffices to eliminate seizure activity. Cerebral blood flow and metabolism studies in normal 
volunteers immediately following seizure activity show no evidence of cerebral hypoxia Mental function testing 
Goes not reveal any impairment of performance following prolonged enfiurane anesthesia associated with or not 
associated with seizure activity 

Since levels of anesthesia may be altered easily and rapidly, only calibrated vaporizers which measure output 
with reasonable accuracy shouid be used Hypotension and respiratory exchange can serve as a guide to depth 
of anesthesia Deep levels of anesthesia may produce marked hypotension and respiratory depression 


PRECAUTIONS 


The action of nondepolanzing relaxants 1s augmented by ETHRANE (enfiurane) Less than the usual amounts of 
these drugs should be used If the usual amounts of nondepolanzing relaxants are given, the time for recovery 
from neuromuscular blockade will be longer in the presence of enflurane than when halothane or nitrous oxide 
with a balanced technique are used 

Bromsulfaiein (BSP) retention is mildly elevated postoperatively in some cases This may relate to the effect of 
Surgery since prolonged anesthesia (5 to 7 hours) in human volunteers does not result in BSP elevation There is 
some elevation of glucose and white blood count intraoperatively Glucose elevation should be considered in 
diabetic pahents Enflurane should be used with caution in Patients who by virtue of medical or drug history could 
be considered more susceptible to cortical stimulation produced by this drug 

In susceptible individuals, enflurane anesthesia May tngger a skeletal muscle hypermetabolic state leading to 
high oxygen demand and the clinical syndrome known as hypertherrma The syndrome includes nonspecific 
features such as muscle ngidity tachycardia, tachypnea, cyanosis, arrhythmias, and unstable blood pressure (It 
should also be noted that many of these nonspecific signs may appear with light anesthesia, acute hypoxia, etc 
The syndrome of malignant hypertherma secondary to enflurane appears to be rare. by March 1980. 35 cases 
had been reported in North Amenca for an approximate incidence of 1/725,000 enflurane anesthetics ) An increase 
Nn overall metabolism may be reflected in an elevated temperature (which may rise rapidly early or late in the 
case but usually is not the first sign of augmented metabolism) and an increased usage of the CO? absorption 
System (hot canister) PaO? and pH may decrease, and hyperkalemia and a base deficit may appear Treatment 
includes discontinuance of tnggenng agents (e g . enflurane), administration of intravenous dantrolene, and appacation 
of supportive therapy Such therapy includes vigorous efforts to restore body temperature to normal. respiratory 
and circulatory support as indicated. and management of electrolyte-fluid-acid-base derangements. Renal failure 
May appear later, and unne flow should be sustained if possible 

Swiss ICR mice were given enflurane to determine whether such exposure might induce neoplasia Enfiurane 
was given al %, '4, and '32 MAC for four in-utero exposures and tor 24 exposures to the pups during the first 
mine weeks of life The mice were killed at 15 months of age The incidence of tumors in these mice was the 
Same as in untreated control mice who were given the same background gases, but not the anesthetic 

Exposure of mice to 20 hours of 1 2 percent enflurane causes a small (about % of 1%) but statistically significant 
increase in sperm abnormalities in contrast to these results. in vitro approaches to the study of mutagenesis 
(Ames test. sister chromatid exchange test, and the 8-azaguanidine system) have not shown a mutagenic effect 
of enflurane 

B: 


Pregnancy : 

Reproduction studies have been performed in rats and rabbits at doses up to four times the human dose and 
have revealed no evidence of impaired fertility or harm to the fetus due to enflurane There are. however, no 
adequate and well controlled studies in pregnant women Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy only if clearly needed 


ADVERSE REACTIONS 


1 Malignant hyperthermia 

2 Motor activity exemplified by movements of vanous muscie groups and/or seizures may be encountered with 
deep levels of ETHRANE (enflurane) anesthesia. or light levels with hypocapnia 

3 Hypotension and respiratory depression have been reported 

4 Arrhythmias. shivering, nausea, and vomiting have been reported 

5 Elevation of the white blood count has been observed 


OVERDOSAGE 


In the event of overdosage. the following action should be taken 
Stop drug administration, establish a clear airway and initiate assisted pr controlled ventilation with pure oxygen 


DOSAGE AND ADMINISTRATION 


The concentration of ETHRANE (enflurane) being delivered trom a vaponzer during anesthesia should be known 
This may be accomplished by using 

a) vaponzers calibrated specifically for enflurane: 

b) vaponzers from which delivered flows can easily and readily be calculated 

Preanesthetic Medication: Preanesthetic medication should be selected to the need of the individual 
patient, taking into account that secretions are weakly stimulated by enfiurane and that enflurane does not alter 
heart rate The use of anticholinergic drugs ts a matter of choice 

Surgical Anesthesia: Induction may be achieved using enflurane alone with oxygen or in combination with 
oxygen nitrous oxide mixtures. Under these conditions some excitement may be encountered If excitement is to 
be avoided, a hypnotic dose of a short-acting barbiturate should be used to induce unconsciousness, followed 
by the enflurane mixture in general, nspwed concentrations of 20-45 percent enflurane produce surgical anesthesia 
in 7:10 minutes 

Surgical levels. of anesthesia may be maintained with 05-3 percent enflurane Maintenance concentrations 
should not exceed 3 percent If added relaxation is required, supplemental doses of muscle relaxants may be 
used Ventilation to maintain the tension of carbon dioxide in artenal blood in the 35-45 mm Hg range is preferred 
Hyperventilation should be avoided in order to minimize possible CNS excitation 

The level of blood pressure dunng maintenance is an inverse function of enflurane concentration in the absence 
of other complicating problems Excessive decreases (unless related to hypovolemia) may be due to depth of 
anesthesia and in such instances should be corrected by lightening the level of anesthesia 

Analgesia: Enfiurane 0 25 to 10 percent Provides analgesia for vaginal delivery equal to that produced by 30 
to 60 percent nitrous oxide These concentrations normally do not produce amnesia See also the information on 
the effects of enflurane on utenne contraction contained in the CLINICAL PHARMACOLOGY section 

Cesarean Section: Enfiurane should ordinanly be administered in the concentration range of 05 to 10 percent 
to supplement other general anesthetics See also the information on the effects of enflurane on utenne contraction 
contained in the CLINICAL PHARMACOLOGY section 


HOW SUPPLIED 


ETHRANE (enflurane) is packaged in 125 and 250 mi amber-colored bottles 


Ethrane Ois 


Uhio Medical Anesthetics 


A Division of Airco. Inc 
2005 West Beltline Highway. Madison Wisconsin 53713 
608-221-1551 TELEX 910-286-2792 


Super 
Safety Clear 


RUSCH’ Features 
Clear Tracheal Tubes 
with Nasoral Tip 


Nasoral tip with 
inserted catheter 


The newly developed, gently cupped The inner lumen configuration, 
nasoral tip allows for better patient at the tip, allows to easily pass 
care intubation, oral and nasal. a suction catheter. 

It prevents accumulation of mucus The clear, see through material 
and damage to the tracheal wall. composition, enables visualized 
During patient ventilation, turbulence detection of misting, 


is reduced. aiding ventilation monitoring. 53 West 23rd Street 


The imbedded radiopaque indicator 
is continuous from proximal 

to distal tip, facilitating accurate 
placement of the tube. 


The cuff is dependably sealed 
with a one-way valve, which 
accepts a Luer Lok as well as 
a Luer Slip syringe. 


New York, N.Y. 10010 
Phone (212) 675-5556 


2000 Ellesmere Rd. Scarborough, 
Ontario M1H2W4 (416) 438-6317 
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premedication with 
Ativan’ (lorazepam) 
Injection IM or IV 
effectively reduces 
recall of events 
surrounding surgery 


@ Allays preoperative apprehension 

@ Leaves patients calm but cooperative 

@ Causes little, if any, IV irritation 

@ Rated “highly acceptable” 

by most patients in clinical studies 

Surgical procedures are perceived as frightening or 
unpleasant by most patients. If given the opportunity, many 
would rather not remember anything about the ordeal. 


Ativan’ Injection can help. Administered as recommended, 
Ativan Injection helps sedate the patient, relieves presurgical 
anxiety and diminishes recall of events surrounding surgery. 


The dosage of Ativan Injection should be individualized for each 
patient. For those patients in whom a lack of recall and excellent 
sedation are desired, doses of 0.05 mg/kg up to a maximum 

of + mg should be administered. For patients in whom a lack of 
recall is not desired, as well as for the elderly or debilitated, the 
dose of Ativan Injection should be reduced. 


Wyeth Laboratories 


See important information on following page. | Philadelphia, PA 19101 


ATIAN onze 
INJECTION M- 


ATIVAN (LORAZEPAM) © 





DESCRIPTION: Ativan” (lorazepam) injection, a benzodiazepine with antianxiety and sedative effects, is intended 
tor IM or IV use. It has the chemical formula 7-chloro-5-(o-chlorophenyl}-1,3-dihydro-3-hydroxy-2H-1,4-benzo- 
diazepin-2-one 

Lorazepam is a nearly white powder almost insoluble in water. Each mi of sterile injection contains either 2.0 or 
4.0 mg torazepam, 0.18 mi polyethylene glycol 400 in propylene glycol with 2.0% benzyl alcohol as preservative. 


CLINICAL PHARMACOLOGY: IV or IM administration of recommended dose of 2-4 mg lorazepam injection to 
adult patients is followed by dose related effects of sedation (sleepiness or drowsiness), relief of preoperative anxi- 
ety and lack of recall of events related to day of surgery in most patients. The clinical sedation (sleepiness or 
drowsiness) thus noted is such that most patients are able to respond to simple instructions whether they give 
appear ance of being awake or asleep. Lack of recall is relative rather than absolute, as determined under condi- 
tions of careful patient questioning and testing, using props designed to enhance recall. Most patients under these 
reinforced conditions had difficulty recalling perioperative events, or recognizing props from before surgery. Lack 
of recall and recognition was optimum within 2 hours after IM and 15-20 minutes after IV injection. 

intended effects of recommended adult dose of lorazepam injection usually last 6-8 hours. in rare instances and 
where patients received greater than recommended dose, excessive sleepiness and prolonged lack of recall were 
noted. As with other benzodiazepines, unsteadiness, enhanced sensitivity to CNS depressant effects of ethy! aico- 
hol and other drugs were noted in isolated and rare cases for greater than 24 hours. 

Studies in healthy adult volunteers reveal that IV lorazepam in doses up to 3.5 mg/70 kg does not alter sensitiv- 
ity to respiratory stimulating effect of carbon dioxide and does not enhance respiratory depressant effects of doses 
of meperidine up to 100 mg/70 kg (also determined by carbon dioxide challenge) as long as patients remain suffi- 
ciently awake to undergo testing. Upper airway obstruction was observed in rare instances where the patient 
received greater than recommended dose, and was excessively sleepy and difficult to arouse. (See WARNINGS and 
ADVERSE REACTIONS.) 

Clinically employed doses of lorazepam injectable do not greatly affect the circulatory system in the supine posi- 
tion or employing a 70 degree tilt test. Doses of 8-10 mg of IV lorazepam (2 to 2.5 times maximum recommended 
dosage} will produce loss of lid reflexes within 15 minutes. 

Studies in six (6} healthy young adults who received lorazepam injection and no other drugs revealed that visual 
tracking (the ability to keep a moving line centered} was impaired for a mean of eight (8) hours following 4 mg IM 
lorazepam and four {4} hours following 2 mg IM with considerable subject variation. Similar findings were noted 
with pentobarbital 150 and 75 mg. Although this study showed both lorazepam and pentobarbital interfered with 
eye-hand coordination, data are insufficient to predict when it would be safe to operate a motor vehicle or engage in 
hazardous occupation or sport. 

INDICATIONS AND USAGE: in adults -for preanesthetic medication, producing sedation (sleepiness or drowsi- 
ness}, relief of anxiety, and decreased ability to recall events related to day of surgery. Most useful in patients anx- 
ious about surgical procedure who prefer diminished recall of events of day of surgery. 

CONTRAINDICATIONS: Known sensitivity to benzodiazepines or vehicle (polyethylene glycol, propylene glycol, 
and benzyl alcohol) or acute narrow angie glaucoma. intra-arterial injection is contraindicated because, as with 
other injectable benzodiazepines, inadvertent intra-arterial injection may produce arteriospasm resulting in garn- 
grene which may require amputation. (See Warnings) 

WARNINGS: PRIOR TO IV USE, LORAZEPAM SHOULD BE DILUTED WITH EQUAL AMOUNT OF COMPATIBLE DILUENT 
(SEE DOSAGE AND ADMINISTRATION). IV INJECTION SHOULD BE MADE SLOWLY AND WITH REPEATED ASPIRATION. 
CAREFULLY DETERMINE THAT INJECTION WILL NOT BE INTRA-ARTERIAL AND PERIVASCULAR EXTRAVASATION 
WILL NOT OCCUR. PARTIAL AIRWAY OBSTRUCTION MAY OCCUR IN HEAVILY SEDATED PATIENTS. IV LORAZEPAM. 
GIVEN ALONE IN GREATER THAN RECOMMENDED DOSE, OR AT RECOMMENDED DOSE AND ACCOMPANIED BY 
OTHER DRUGS USED DURING ANESTHESIA, MAY PRODUCE HEAVY SEDATION: THEREFORE, EQUIPMENT TO MAIN- 
TAIN PATENT AIRWAY AND SUPPORT RESPIRATION AND VENTILATION SHOULD BE AVAILABLE. 


No evidence now supports lorazepam injection in coma, shock or acute alcohol intoxication. Since the liver is the 
most likely site of conjugation and since excretion of conjugated lorazepam (glucuronide), is renal, lorazepam is not 
recommended in hepatic and/or renat failure. This does not preclude its use in patients with mild to moderate hepa- 
tic or renal disease. When injectable lorazepam is used in mild to moderate hepatic or renal disease, consider 
lowest effective dose since drug effect may be prolonged. Experience with other benzodiazepines and limited expe- 
rience with parenteral lorazepam demonstrated that tolerance to concomitant alcohol and other CNS depressants 
is diminished. As with similar CNS-acting drugs. patients receiving injectable lorazepam should not operate 
machinery or motor vehicles or engage in hazardous occupations for 24 to 48 hours. impairment of performance 
may persist for greater intervals because of extremes of age, other concomitant drugs, stress of surgery or general 
condition of patient. Clinical trials showed patients over 50 may have more protound and prolonged sedation with 
IV use, Ordinarily an initial dase of 2 mg may be adequate, unless greater degree of lack of recall is desired. As with 
all CNS depressants, exercise care in patients given injectable lorazepam since premature ambulation may result 
in injury from failing. There is no added beneficial effect from adding scopolamine to injectable iorazepam; their 
combined effect may result in increased incidence of sedation. hallucination and irrational behavior. 

Pregnancy: LORAZEPAM GIVEN TO PREGNANT WOMEN MAY CAUSE FETAL DAMAGE. Increased risk of congenital 
malformations with use of minor tranquilizers (chlordiazepoxide, diazepam, meprobamate} during first trimester of 
pregnancy was suggested in several studies. In humans, blood levels from umbilical cord blood indicate placental 
transfer of lorazepam and its glucuronide. Lorazepam injection should not be used during pregnancy because of 
insufficient data on obstetrical safety, including its use in cesarean section. Reproductive studies performed in 
mice, rats, and two strains of rabbits showed occasional anomalies (reduction of tarsals, tibia, metatarsals, malro- 
tated limbs, gastroschisis, malformed skull and microphthalmia) in drug-treated rabbits without relationship to 
dosage. Although ali these anomalies were not present in concurrent control group, they have been reported to 
occur randomly in historical controls. At doses of 40 mg/kg p.o. or 4 mg/kg IV and higher, there was evidence of 
fetal resorption and increased fetal loss in rabbits which was not seen at lower doses. 

Endoscopic Procedures: There are insufficient data to support lorazepam injection for outpatient endoscopic 
procedures. inpatient endoscopic procedures require adequate recovery room observations. Pharyngeal refiexes 
are not impaired when lorazepam injection is used for per-oral endoscopic procedures, therefore adequate topical 
or regional anesthesia is recommended to minimize reflex activity associated with such procedures. 
PRECAUTIONS: General: Bear in mind additive CNS effects of other drugs, e.g. phenothiazines, narcotic anaige- 
sics, barbiturates, antidepressants, scopolamine and MAO inhibitors when these drugs are used concomitantly 
with or during period of recovery from lorazepam injection. (See CLINICAL PHARMACOLOGY and WARNINGS .} Use 
extreme care in giving lorazepam injection to elderly or very ili patients, or those with limited pulmonary reserve, 
because of possible underventilation and/or hypoxic cardiac arrest. Resuscitative equipment for ventilatory sup- 
port should be readily available. (See WARNINGS and DOSAGE and ADMINISTRATION.) When lorazepam is used IV 
as premedicant prior to regional or local anesthesia, excessive sleepiness or drowsiness may possibly interfere 
with patient cooperation to determine anesthesia levels. This is most likely when more than 0.05 mg/kg is given 
and narcotic analgesics are used concomitantly with the recommended dose. (See ADVERSE REACTIONS.) 
information for Patients: As appropriate, inform patients of pharmacological effects, e.g. sedation, relief of 
anxiety and jack of recall, and duration of these effects (about 8 hours}, so they may adequately perceive risks as 
well as benefits from its use. Caution patients who receive lorazepam injection as premedicant that driving auto- 
mobiles of operating hazardous machinery, or engaging in hazardous sports should be delayed for 24 to 48 hours 
after injection. Sedatives, tranquilizers, and narcotic analgesics given with injectable forazepam may produce 
more prolonged and profound effect, taking the form of excessive sleepiness or drowsiness, and rarely interfering 
with recall and recognition of events of day of surgery and the day after. Getting out of bed unassisted may result in 
failing and injury if undertaken within 8 hours of receiving lorazepam injection. Alcoholic beverages should not be 
used for at jeast 24 te 48 hours after lorazepam injection due to additive effects on CNS depression seen with ben- 
2odiazepines in general. Elderly patients should be told lorazepam injection may make them very sleepy for longer 
than 6 to 8 hours after surgery. 

Laboratory Tests: in clinical trials no laboratory test abnormalities were identified with single or multiple doses 
of lorazepam injection. Tests included: CBC, urinalysis, SGOT, SGPT, bilirubin, alkaline phosphatase, LOH, choles- 
terol, uric acid, BUN, glucose, calcium, phosphorus and total proteins. 

Drug interactions: Lorazepam injection, like other injectable benzodiazepines, produces CNS depression when 
given with ethy! alcohol, phenothiazines, barbiturates, MAO inhibitors and other antidepressants. When scopola- 
mine is used concomitantly with injectable torazepam increased incidence of sedation, hallucinations and irrational 
behavior was observed. 

Orug/Laboratory Test interactions: No laboratory test abnormalities were identified when lorazepam was 
given alone or concomitantly with another drug, e.g. narcotic analgesics, inhalation anesthetics, scopolamine, 
atropine, and various tranquilizing agents. 
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Mutagenesis, impairment of Fertility: No evidence of carcinogenic potential emerged in 
a ann. mice nee an 18-month study with oral lorazepam. No studies regarding mutagenesis have been per- 
formed. Pre-impiantation study in rats, performed with oral lorazepam at a 20 mg/kg dose, showed no impairment 
of fertility. 
Pregnancy: Pregnancy Category D. See WARNINGS section. 
Labor and Delivery: There are insufficient data for lorazepam injection in labor and delivery, including cesarean 
section: therefore, this use is not recommended. 
Nursing Mothers: Do not give injectable torazepam to nursing mothers, because like other benzodiazepines, 
lorazepam may possibly be excreted in human milk and sedate the infant. . 
Pediatric Use: There are insufficient data to support efficacy or make dosage recommendations for injectable 
lorazepam in patients under 18 years; therefore, such use is not recommended. 
ADVERSE REACTIONS: CNS: Most frequent adverse effects with injectable lorazepam are extensions of drug's 
CNS depressant effects. incidence varied from one study to another, depending on dosage, route, use of other CNS 
depressants, and investigator's opinion concerning degree and duration of desired sedation. Excessive sleepiness 
and drowsiness were main side effects. This interfered with patient cooperation in about 6% (25/446) of patients 
undergoing regional anesthesia in that they were unabie to assess levels of anesthesia in regional blocks or with 
caudal anesthesia. Patients over 50 years had higher incidence of excessive sleepiness or drowsiness compared 
with those under 50 (21/106 vs 24/245) when lorazepam was given IV (see DOSAGE and ADMINISTRATION). On rare 
occasion (3/1580) patient was unable to give personal identification on arrival in operating room, and one patient 
fell when attempting premature ambulation in postoperative period. Symptoms such as restlessness, contusion, 
depression, crying, sobbing, and delirium occurred in about 1.3% (20/1580). One patient injured himself postopera- 
lively by picking at his incision. Hallucinations were present in about T% (14/1580) of patients, and were visual and 
self-limiting. An occasional patient complained of dizziness, diplopia and/or blurred vision. Depressed hearing was 
infrequently reported during peak effect period. An occasional patient had protonged recovery room stay, because 
of excessive sleepiness or some form of inappropriate behavior (latter seen most commonty when scopolamine 
given concomitantly as premedicant). Limited information from patients discharged day after receiving injectable 
lorazepam showed ane patient complained of some unsteadiness of gait and reduced ability to perform complex 
mental functions. Enhanced sensitivity to alcoholic beverages was reported more than 24 hours after injectable 
lorazepam, simviar to experience with other benzodiazepines. 


Local Effects: iM lorazepam resulted in pain at injection site, a sensation of burning, or observed redness in the 
same area in a very variable incidence from one study to another. Overall incidence of pain and burning was about 
17% (146/859) in immediate postinjection period, and about 1.4% (12/859) at 24-hour observation time. Reactions 
at injection site (redness) occurred in about 2% (17/859) in immediate postinjection period, and were present 24 
hours later in about 0.8% (7/859). IV lorazepam resulted in pain in 13/771 patients or about 1.6% immediately post- 
injection and 24 hours later 4/771 patients or about 0.5% still complained of pain. Redness did not occur immedi- 
ately past IV but was noted in 19/771 patients at 24-hour period (incidence is similar to that observed with IV 
infusion before lorazepam was given). 

Cardiovascular System: Hypertension (0.1%) and hypotension {0.1%} were occasionally observed after patients 
received injectable lorazepam. 

Respiratory System: Five patients (5/446) who underwent regional anesthesia were observed to have partial 
airway obstruction. This was believed due to excessive sleepiness at time of procedure. and resulted in temporary 
underventilation. Immediate attention to the airway, employing usual countermeasures, will usually suffice to man- 
age this (see also CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS). 

Gther Adverse Experiences: Skin rash, nausea and vomiting were occasionally noted in patients who received 
injectable forazepam with other drugs during anesthesia and surgery. 

DRUG ABUSE AND DEPENDENCE: As with other benzodiazepines, lorazepam injection has a low potential for 
abuse and may lead to limited dependence. Although there are no such clinical data for injectable lorazepam, 
repeated doses over prolonged period of time may resull in limited physical and psychological dependence. 
OVERDOSAGE: Overdosage of benzodiazepines is usually manifested by varying degrees of CNS depression rang- 
ing from drowsiness to coma. in mild cases symptoms include drowsiness, mental confusion and lethargy; in more 
serious Cases ataxia, hypotonia, hypotension, hypnosis, stages one to three coma, and very rarely death. Treat- 
ment of overdosage is mainly supportive until drug is eliminated. Carefully monitor vital signs and fluid balance. 
Maintain adequate airway and assist respiration as needed. With normally functioning kidneys, forced diuresis 
with intravenous fluids and electrolytes may accelerate elimination of benzodiazepines. tn addition, osmotic diu- 
retics Such as mannitol may be effective as adjunctive measures. In more critical situations, renat dialysis and 
exchange blood transfusions may be indicated. Published reports indicate that IV infusion of 0.5 to 4 mg physostig- 
ming at rate of 1mg/minute may reverse symptoms and signs suggestive of central anticholinergic overdose (con- 
fusion, memory disturbance, visual disturbances, hallucinations, delirium). however, hazards associated with 
physostigmine {i.e., induction of seizures} should be weighed against possible clinical benefit. 

DOSAGE AND ADMINISTRATION: Parenteral drug products should be inspected visually for particulate matter 
and discoloration prior to administration whenever solution and container permit. Do not use if solution is disco!- 
ored or contains a precipitate. 

intramuscular injection: For designated indications as premedicant. usual IM dose of forazepam is 0.05 mg/kg 
up te maximum of 4 mg. As with ail premedicants, individualize dose. (See also CLINICAL PHARMACOLOGY, WARN- 
INGS, PRECAUTIONS, and ADVERSE REACTIONS.) Doses of other CNS depressants should ordinarily be reduced. 
(See PRECAUTIONS.) For optimum effect, measured as lack of recall, administer lorazepam IM at least 2 hours 
before anticipated operative procedure. Administer narcotic analgesics at usual preoperative time. There are 
insufficient efficacy data to make dosage recommendations for IM lorazepam in patients under 18 years; therefore, 
such use is not recommended. 


intravenous injection: For the primary purpose of sedation and retief of anxiety, usual recommended initial IV 
dose of lorazepam is 2 mg total, or 0.02 mg/Ib (0.044 mg/kg), whichever is smaller. This dose will suffice for sedat- 
ing most adults, and should not ordinarily be exceeded in patients over 50 years. in patients in whom greater tikeli- 
hood of lack of recall for perioperative events would be beneficial, larger doses—as high as 0.05 mg/kg up to total 
of 4mg—may be given. (See CLINICAL PHARMACOLOGY, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS.) 
Doses of other injectable CNS depressants should ordinarily be reduced. (See PRECAUTIONS.) For optimum effect 
measured as lack of recall, IV lorazepam shouid be administered 15-20 minutes before anticipated operative pro- 
cedure. EQUIPMENT NECESSARY TO MAINTAIN A PATENT AIRWAY SHOULD BE IMMEDIATELY AVAILABLE PRIOR TO 
IV USE OF LORAZEPAM (see WARNINGS). There are insufficient efficacy data to make dosage recommendations for 
IV iorazepam in patients under 18 years: therefore, such use is not recommended. 

Administration: When given IM, lorazepam injection, undiluted, should be injected deep in muscle mass. inject- 
abie lorazepam can be used with atropine sulfate, narcotic analgesics, other parenterally used analgesics, com- 
monty used anesthetics, and muscle relaxants. immediately prior to IV use, lorazepam injection must be diluted 
with an equal volume of compatible solution. When properly diluted the drug may be injected directly into a vein or 
into the tubing of an existing IV infusion. Rate of injection should not exceed 2.0 mg per minute. Lorazepam injection 
is compatible for dilution purposes with: Sterite Water for injection, USP, Sodium Chioride Injection, USP, 5% Dex- 
trose injection, USP. 

HOW SUPPLIED: Ativan® (lorazepam) injection, Wyeth, is available in multiple-dose vials and in TUBEX® Sterile 
Cartridge-Needie Units. 

2mg/mt, NDC 0008-0581; 10 mi vial and Imi fill in 2 mi TUBEX. 

4mg/mi, NDC 0008-0570: 10 mi vial and tmi fill in 2 mi TUBEX. 

For iM or ÎV injection. 

Protect from light. Keep in refrigerator. 

Directions for Dilution for IV Use: To dilute, adhere to following procedure: For TUBEX —(1) Extrude entire 
amount of air in half-filed TUBEX. (2) Slowly aspirate desired volume of diluent. (3) Pull back slightly on plunger to 
provide additional mixing space. (4) immediately mix contents thoroughly by gently inverting TUBEX repeatedly 
until homogenous solution results. Do not shake vigorously, as this will result in air entrapment, For Vial—Aspirate 
desired amount of lorazepam injection into syringe. Then proceed as described under TUBEX. 


Wyeth Laboratories 


| l ~~ PA 19101 
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Why should you continue to invest in reference books? 


Because ANYTHING can happen. 


New 2nd Edition! 


MEDICINE FOR ANAESTHETISTS 


Edited by M.D. Vickers, F.F.A.R.C.S.; with 23 contributors. 

Careful and accurate assessment of the patient's health. . . 

cooperation and consultation with the physician — all vital if the 

anesthesiologist is to successfully bring the patient through the 

anesthesia and the surgical operation. Here's a reference aimed at 

helping assure success. Reviewing the first edition, Anaesthesia 

wrote, “. . . it is a work that can and should be read by 

anaesthetists from cover to cover; this will provide them with a 

comprehensive picture of those aspects of modern medicine 

which particularly effect the practice of anaesthesia and the safety 

of the patient.” This new edition: 

è relates anesthesia to medical pathophysiology 

è focuses on common conditions with a problem oriented approach 

è features two new chapters — immunological related diseases and 
psychological aspects of anesthesia 

April, 1982. Approx. 640 pages, 127 illustrations.(B-5302-9) A 

Blackwell Scientific Publication. About $62.00. 


NEW! 

ANAESTHESIA FOR THORACIC SURGERY 
By J.W.W. Gothard, F.F.A.R.C.S.; and M.A. Branthwaite, M.D., 
FRCP, FFARCS. 

è all aspects of anesthesia in non-cardiac thoracic surgery 

è preoperative considerations, anesthesia for diagnostic procedures 
è anesthesia for operations on specific anatomical areas 

1982. 199 pages, 56 illustrations. (B-1940-8) A Blackwell Scientific 
Publication. Price, $26.50. 


6th Edition 
BLOOD TRANSFUSION IN CLINICAL 


MEDICINE 

By P.L. Mollison, M.D., F.R.C.P., F.R.C.Path., F.R.S. 

eè `“. . . one of the principal reference works for anyone interested in 
the field of blood transfusion.” — New England Journal of 
Medicine 

è the ABO, Lewis, li, and P blood groups 

@ hemolytic transfusion reactions 

1979. 904 pages, 105 illustrations. (B-3496-2) A Blackwell 

Scientific Publication. Price, $70.00. 


NEW! 
ANAESTHESIA AND RELATED SUBJECTS 


IN ORTHOPAEDIC SURGERY 


Edited by David W. Barron, M.D., F.F.A.R.C.S.; with 10 

contributors. 

This new book is a practical guide to the anesthetic management 

of orthopedic and trauma patients. 

è new and adapted techniques made necessary by surgical 
advances 

è postoperative considerations, preoperative assessment, and 
intensive care 

è thromboembolism in orthopedic surgery 

June, 1982. Approx. 216 pages, 15 illustrations. (B-O512-1) A 

Blackwell Scientific Publication. About $40.00. 


New 3rd Edition! 
POSTOPERATIVE CARDIAC INTENSIVE 


CARE 

By M.V. Braimbridge, F.R.C.S.(Eng.); with 4 contributors. 

Clearly explains the physiological principles, diagnostic features, 
and therapeutic management of complications in cardiac surgery. 
è blood gas tensions and acid-base changes 

® respiratory function and cardiac arrest 

1981. 240 pages, 67 illustrations. (B-O781-7) A Blackwell 
Scientific Publication. Price, $23.00. 


Save time! Save money! 


CALL TOLL-FREE 800-345-8501 


(In Pennsylvania, please call 1-800-662-5180) 
Operator 15 will take your order 24 hours a day, 7 days a week. 


THE C.V. MOSBY COMPANY 
11830 WESTLINE INDUSTRIAL DRIVE 
ST. LOUIS, MISSOURI 631741 


THE C V. MOSBY COMPANY, LIMITED 
MOSBY 120 MeLroro prive, 
SCARBOROUGH, ONTARIO M1B 2X5 


TIMES MIRROR CANADA 


AMS217-001 


Professional references are tax deductible. 


Mail today for free 30-day evaluation. 


YES! Send me on 30-day approval: 
O VICKERS (B-5302-9) About $62.00 
O GOTHARD (B-1940-8) Price, $26.50 


O MOLLISON (B-3496-2) Price, $70.00 
O BARRON (B-0512-1) About $40.00 
O BRAIMBRIDGE (B-0781-7) Price, 23.00 


o Payment enclosed 
o VISA 


o Bill me 
o MasterCard 


at AE ea et IS oe SE TREES A 
30-day approval offer good in U.S. and Canada, prices effective in U.S. only. All prices, 
including estimated prices, subject to change. Add sales tax if applicabie. 
Clip and mail coupon to: The C.V. Mosby Company, 11830 Westline Industrial 


Dr., St. Louis, Mo. 63141 
AMS217-001-03 





Long before the ANSI Z-79.8 Standards 
were adopted, Ohio Medical Products 
was engineering a significant develop- 
ment in gas machines. One that would 
greatly advance anesthesia safety, 
technology and convenience. 


The result is the new Ohio Modulus”. It’s 
designed from the ground up to meet the 
Z-79.8 Standards. Then it reaches be- 
yond to set new standards of its own. 


Opens a new generation of safety. 


The Ohio Modulus helps prevent de- 
livery of hypoxic oxygen/nitrous oxide 
mixtures through the exclusive Ohio 


example, this unique mechanical inter- 
lock system lets you adjust oxygen and 
nitrous oxide levels independently, but 
automatically intercedes to prevent 
nominal oxygen flow below 25% or ni- 
trous oxide flow above 75% of the 
oxygen/nitrous oxide mixture. 


Anesthetic agent vaporizers are isolated 
on the Modulus. A positive vaporizer 
selector interlock valve allows you to 
select either vaporizer. Or a bypass gas 
circuit can be engaged when both va- 
porizers are turned off. What’s more, the 
agent circuits are parallel, thus helping 
to prevent accidental mixing within the 





r world alot safer. 
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Key components of the Modulus | are 
easily removable for service. Extensive 
use of pin-indexing and DISS connec- 
tions helps prevent accidental. inter- 


change of similar components. Controls, E 
indicators and work surfaces are located” 


in optimal viewing and operational 
zones —- key factors in your comfort as 
well as operational safety. 


Modularity enhances versatility: and. 
convenience. 


As its name implies, the Ohio Modulus is 
totally modular. Key components are 
removable, so you can order a machine 
with the configuration to conform to’your 


Sa 
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“You ‘select thé gases: vaporizers and 
flow ranges to meet the needs of your 
patients. You.can order. a machine which 


~awilkaccommodate two to four gases and 
two anesthetic it-waporizers.—You. 
scan also have key monitoring änd 


functional controls“located..where you 
want them, not where main frame design 


dictates. 


|. State of the art for years to come. 


you are ready for the NERSE anes- 
thesia technology which lie ahead. Its 
modular called aie even extends to its 
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Consider moving into the future now wi 
the Ohio Modulus. It can make yo 
world a lot safer. 


Ohio Medical Products 


A Division of Airco, inc. 
PO. Box 7550. 3030 Airco Drive, Madison. Wisconsin 





Big Dreams 
Start Small 
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These special children have 
dreams, but they need help to 
make them come true. They’re 
patients of St. Jude Children’s 
Research Hospital. 


Danny Thomas had a dream 
many years ago of building a 
clinic. The clinic turned out to be 
St. Jude Children’s Research 
Hospital, now the largest 
childhood cancer research center 
in the world. 


The children treated at St. 
Jude come from all over the world 
with the most devastating 
diseases known to man. Through 
long years of research the doctors 
have been able to dramatically 
increase the long term survival 
rate of these children. 


With continued support we 
can make the dream of never 
losing another child to cancer a 
reality. For information on how 
you can make this dream come 
true, please write St. Jude 
Children’s Research Hospital, 
P.O. Box 3704, Memphis, 
Tennessee 38103, or call 1-800- 
238-9100. 





Danny Thomas, Founder 


ST. JUDE CHILDREN’S 
RESEARCH HOSPITAL 
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Marcaine -c 


(bupivacaine HC! injection, USP) 


wih or without epineprione 1 200.500 


Piease consult full prescribing information before prescribing. A summary follows: 
indications. Peripheral nerve block. infiltration, sympathetic block. caudal. or epidural Diock 
Contraindication. Marcaine is contraindicated in patients with known hypersensitivity to it 
Warnings. RESUSCITATIVE EQUIPMENT AND DRUGS SHOULD BE READILY AVAILABLE 
WHEN ANY LOCAL ANESTHETIC IS USED. 

Usage in Pregnancy The relevance to the human is not known Safe use on pregnant 
women other than (hose in labor has not been established 

Until further clinical experience is gained. paracervical block with Marcaine is not 
recommended. Fetal bradycardia frequently fellows paracervical block with some amide- 
type local anesthetics and may be associated with fetal acidosis. Added risk appears to be 
present in prematurity. toxemia of pregnancy, and fetal distress. 

The obstetrician is warned that severe persistent hypertension may secur after adminis- 
tration of certain oxytocic drugs. H vasopressors have already been used during labor ie... 
in the local anesthetic solution of to correct hypotension). 

Sclutions containing a vasoconstrictor, particularly epinephrine or norepinephrine, should 
be used with extreme caution in patients receiving monoamine oxidase (MAO! inhibitors oF 
antidepressants of the tiptyline of imipramine types. because severe. prolonged hyperten- 
sion may result 

Local anesthetics which contain preservatives. i.e. those supplied in multiple dose vials 
Should not be used for caudal or epidural anesthesia. 

Until further experience is gained in children younger than 12 years. administration of 
Marcaine in this age group is not recommended 


Precautions. The safety and effectiveness of local anesthetics depend upon groger dosage. 
correct technique, adequate precautions. and readiness for emergencies 

The lowest dosage that gives effective anesthesia should be used in order to avoid high 
plasma levels and serous systemic side effects. injection of repeated doses of Marcaine 
May Cause Significant increase in blood levels with each additional dose. due to accumula- 
tion of the drug or ts metabolites or due to slow metabolic degradation Tolerance varies 
with the Status of the patient. Debiitated. elderly patients and acutely ill patients should be 
given reduced doses commensurate with age and physical condition 

Solutions containing a vasoconstrictor should be used cautiously in areas with limited 
blood supply, in the presence of diseases that may adversely affect the patient's cardiovascular 
System, of in patients with peripheral vascular disease 

Marcaine should be used Cautiously in persans with known drug allergies or sensitivities. 
particularly to the amide-type local anesthetics 

Serious dose-related cardiac arrhythmias may occur if preparations containing a 
vasoconstrictor Such as epinephrine are employed in patients during or folowing the 
administration of chloroform, halothane. cyclopropane. trichioroethylene. or other related 
agents. in deciding whether to use these products concurrently in the same patient. the 
combined action ef both agents upon the myocardium. the concentration anc volume of 
vasoconstrictor used, and the time since injection, when applicable should be taken into 
account 

Caution is advised in administration of repeat doses of Marcame to patients with severe 
liver disease 

Use in Ophthaimic Surgery When Marcaine 0.75% is used for retrobulbar block 
complete corneal anesthesia usually precedes onset of clinically acceptable external ocular 
muscle akinesia. Therefore, presence of akinesia rather than anesthesia alone should 
determine readiness of the patient for surgery 
Adverse Reactions. Reactions to Marcaine are characteristic of these associated with 
other amide-type local anesthetics. A major cause of adverse reactions to this group of 
frugs is excessive plasma levels. which may be due to overdosage. inadvertent intravascular 
INJECUON. OF Slow metabolic degradation 

Excessive plasma levels of the amide-type local anesthetics cause systemic reactions 
involving the central nervous system and the cardiovascular system. The central nervous 
system effects are characterized by excitation ar depression. The first manifestation may be 
nervousness, dizziness, blurred vision. or tremors. followed by drowsiness. convulsions. 
unconsciousness. and possibly respiratory arrest. Since excitement may be transient or 
absent, the first manifestation may be drowsiness. sometimes merging into unconsciousness 
ang respiratory arrest, Other central nervous system effects may be nausea. vomiting, chills. 
constriction of the pupils. or tinnitus. The cardiovascular manifestations ot excessive 
plasma levels may include depression of the myocardium, blood pressure changes (usually 
hypotension}, and cardiac arrest. in obstetrics. cases of fetal bradycardia have occurred 
{see Warnings). Ai/ergic reactions. which may be due to hypersensitivity. idiosyncrasy, oF 
diminished tolerance, are characterized by cutaneous lesions ieg.. urticaria). edema, and 
ather manifestations of allergy Detection of sensitivity Dy skin testing is of downtful value 
Sensitivity to methylparaben preservatives added to multiple dose vials has been reported 
single dose vials without methylparaben are also available. 

Reactions following epidural or caudal anesthesia also may include: high or total spinal 
block: urinary retention: fecal incontinence. ioss of perineal sensation and sexual function: 
persistent analgesia, paresthesia, and paralysis of the lower extremities: headache and 
backache: and slowing of labor and increased incidence of forceps delivery 

Treatment of Reactions. Toxic effects of focal anesthetics require symptomatic treat- 
ment: there is no specific cure. The physician should be prepared to maintain an airway and 
to Support ventilation with oxygen and assisted ar controlled respiration as required. 
Supportive treatment of the cardiovascular system includes intravenous fluids and. when 
appropriate, vasopressors (preferably those that stimulate the myocardium) Convulsions 
may be controled with oxygen and intravenous administration, in smali increments. of a 
barbiturate. as follows: preferably, an ultrashort-acting barbiturate such as thiopental or 
ihamylal: if this is not available. a short-acting barbiturate ie g.. secobarbital or pentobarbital) 
of diazepam. intravenous barbiturates or anticonvulsant agents shouid only be administered 
by those familiar with thelr use. 

Composition of Solutions. 

Marcaine 0.25% — Each mi contains 2.5 mg bupivacaine with NaCl for isotonicity in water 
for injection. 

Marcaine 0.5% — Each mi contains 5 mg bupivacaine with NaCl for isotonicity in water for 
injection. 

Marcaine 0.75% -- Each mi contains 7.5 mg bupivacaine with NaCl for isotonicity in water 
for injection. 

in multiple dose vials, each mi also contains 1 mg methylparaben. 

in epinephrine. each mi also contains 0.0091 mg epinephrine bitartrate. 0.5 mg sodium 
bisulfite. 0.007 mi monothioglyceral, 2 mg ascorbic acid, 0.0017 mi 80% sodium lactate. 
and 0.1 mg edetate calcium disodium. 
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Vol. Year Vol. Year ` Numbers Available 
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34 1955 1 2 3 4 5 6 42 1963 - _ 3 4 5 6 
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40 1961 - ~ - 4 5 6 48 1969 1 2 3 - 5 - 

Available at $4.50 per Issue 
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eo bce ce ee SS = 54 1975 2 2 E i & 8 
50 1971 1 2 - - m - 

55 1976 - 2 3 4 5 6 
51 1972 - 2 3 - ~- 6 
56 1977 1 2 3 4 5 6 
52 1973 moO Se o o Ss 57 1978 1 2 3 4 5 6 
53 1974 - 2 3 4 _ - 
Available at $5.50 per Issue 

Vol. Year Numbers Available 
58 1979 1 2 3 4 5 6 (only six issues published) 
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“Basic and Clinical Physiology of the Liver” (Supplement to Sept.—Oct. 1965 issue)—-$3.00. 
Ten-Year (1960-1969) Cumulative Index—$3.00. 
Ten-Year (1970-1979) Cumulative Index— $3.00. 


1981 (55th Congress) Review Course Lectures-——$5.00. 
1982 (56th Congress) Review Course Lectures--$5.60. 
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The International Anesthesia Research Society is pleased to announce the establishment of the | 
“LA.R.S. RESEARCH AWARD”. 

: 


Applications for up to $25,000 are invited for the initial Award, to be made in 1983, subject to the 
following basic conditions: 
- The research proposal must be within the general field of anesthesiology. 


-. The principal investigator must be a member of the International Anesthesia Research 
Society. 
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- Preference will be given to new investigators. 


. - Applications must be received in the I.A.R.S. Cleveland office no later than December 
31, 1982. 
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The Award will be announced at the Annual Meeting (57th Congress) of the Internationa! Anesthesia 
Research Society to be held in New Orleans, March 13-1 7, 1983. The Award will be made on July 1, 
1983. 


The official application form for the Award must be used. This form, as well as the guidelines for 
applicants, is available on request to: 


B. B. Sankey, M.D. 

Executive Secretary 

International Anesthesia Research Society 
3645 Warrensville Center Rd. 

Cleveland, Ohio 44122, U.S.A. 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 
57th CONGRESS to be held MARCH 13-17, 1983 
HILTON HOTEL, NEW ORLEANS, LOUISIANA 





If you would like to submit a paper for consideration by the Program Committee, please note the deadline for receipt 
of title and 300-word abstract is August 25, 1982. 


For official application form, please write or call: 


E. Paul Didier, M.D., Chairman International Anesthesia Researc 
Program Committee for 57th Congress Society 

c/o Department of Anesthesiology 3645 Warrensville Ctr. Rd. 

Mayo Clinic Cleveland, Ohio 44122 

200 First Street, SW = 

Rochester, Minnesota 55901 Telephone: (216) 295-1124 


elephone: (507) 286-8766 


Abstract applications can also be obtained from the Cleveland LA.R.S. office. 


SCIENTIFIC EXHIBITS: Requests for applications for scientific exhibit space should be sent to: B. B, Sankey, M.D., 
International Anesthesia Research Society, 3645 Warrensville Center Rd., Cleveland, Ohio 44122. (Please note the 
above deadline does not apply to scientific space applications which can be accepted, on a space availability basis, up 


to December 31, 1982.) 
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Socrates was a man. 
Socrates was a Greek. 
Socrates went around 
telling people what to do. 
They poisoned him! 


UCH WAS the biography of the great teacher, 
penned by a 5th grade student. It is, therefore, 


. with some trepidation, and a certain degree of humil- 


ity, that we would like to suggest that you (yes we do 
mean all of you) consider taking a formal course in 
Advanced Cardiac Life Support (ACLS)-Cardiopul- 
monary Resuscitation (CPR). Why do many anesthe- 
siologists resist such training? What is the rationale 
behind our recommendation? 

The anesthesiologist who rejects the instructor who 
encourages participation in ACLS-CPR education of- 
ten justifies his or her unwillingness to study ACLS 
by expressing amazement at the implication of a need 
to learn what he or she already knows (1). Inducing 
the anesthetic state and maintaining viability of the 
patient appears to be the anesthesiologist’s daily dem- 
onstration of his or her knowledge and skill in the 
procedures of ACLS. Who better combines the tech- 
niques of airway management, fluid and pharmaco- 
logic manipulation, cardiovascular monitoring, and 
cardiac and cerebral preservation? 

We do not dispute the anesthesiologists’ expertise 
in life support in the operating room. Answer several 
questions, however, before you are sure you are 
knowledgeable and skillful enough to provide ACLS- 
CPR in all possible settings. How will you treat the 
person who has a foreign body airway obstruction the 
next time you are at a fast-food restaurant? What will 
you do with the defibrillator paddles handed to you 
by the paramedic, during a cardiac resuscitation you 
volunteered to help in while watching a professional 
baseball game? Which drugs, and in what doses, will 
you prescribe for the 4~year-old child being resusci- 
tated at the lake after a drowning accident? If you 
have the answers to all of the questions like these, do 
not read anymore of this plea. 


EDITORIAL 


Advanced CPR—Student, Teacher, Administrator, 
Researcher 


We believe that anesthesiologists’ knowledge of 
and skill in ACLS-CPR can be improved. There is 
evidence to support this statement. Our survey of the 
members of one American Society of Anesthesiolo- 
gists component society indicated that most (74%) had 
read the current ACLS-CPR literature but few (21%) 
had ever taken a course (2). When quizzed on the 
factual aspects of ACLS, the surveyed anesthesiolo- 
gists who had never taken a course scored only 55% 
correct answers. Knowledge score on individual items 
varied greatly. For example, only 32% correctly cited 
the defibrillation dose range for a 20-kg child. Because 
they do not use defibrillators on a daily basis, anes- 
thesiologists may forget the correct dose range to best 
treat an arrest victim and minimize complications. 
Although anesthesiologists may be expert in many 
areas of life support, they have obvious deficiencies 
in the body of knowledge encompassed in the Amer- 
ican Heart Association ACLS course. 

The situation for life-support skills is no better. 
When we assessed a Ist year anesthesia resident class 
performing ACLS-CPR psychomotor skills, similar 
problems were identified (3). A 55% deficiency existed 
in spite of the fact that this group represented recent 
medical school graduates, most with 1 postgraduate 
year of clinical experience which frequently included 
involvement in resuscitation and life support. Al- 
though residency training will definitely correct the 
problems we observed with routine airway manage- 
ment, it is doubtful that skill training and testing on 
the use of the esophageal obturator airway, oxygen- 
powered mechanical breathing devices, defibrillators, 
automatic chest compressors, or Military Anti-Shock 
Trousers (M.A.S.T.) will be conducted unless specif- 
ically provided for in the anesthesia residency curric- 
ulum. 

Rendering life support in the controlled, nonemer- 
gency, operating room environment is quite different 
from the cardiac arrest situation. Events transpire 
within seconds to minutes during an arrest, whereas 
a longer time frame, often with relatively gradual 
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EDITORIAL 


changes, is more often the case during anesthesia. 
Rapid, efficient, almost reflex behaviors are required 
during resuscitation to maximize a victim’s chances 
for functional survival. Little time exists during a 
cardiac arrest for cogitation on drug doses or arrhyth- 
mia recognition, or for fumbling to set up and use a 
piece of equipment. No time exists for specialists to 
be summoned to “do their thing.” Several studies 
have recently documented that correct institution of 
ACLS-CPR procedures within approximately 8 min- 
utes of the initiation of the cardiac arrest dramatically 
improves prognosis (4, 5). In many instances, it is the 
responsibilitv of the one or two “experts” present to 
direct and deliver all aspects of ACLS-CPR care, 

Anesthesiology has been defined as a discipline 
that includes that responsibility. The American Board 
of Anesthesiology states in its Booklet of Information 
that anesthesiology is a practice including “... The 
clinical management and teaching of cardiac and pul- 
monary resuscitation ...” (6). The United States De- 
partment of Labor defines our specialty in similar 
terms (7). Most recently, the Joint Commission on 
Accreditation of Hospitals (CAH) redefined its po- 
sition on CPR education. The JCAH now places the 
anesthesiologist in a position of authority with respect 
to both CPR care and education (8). These definitions, 
and the expectations of others inherent in them, de- 
fine a role for the anesthesiologist, and support our 
contention that anesthesiologists need ACLS-CPR ed- 
ucation. In addition to providing a standard of care, 
anesthesiologists are expected to teach others that 
standard, and to organize, coordinate, and provide the 
delivery of both CPR care and education. An inciden- 
tal benefit from an active ACLS-CPR educational role 
is the more widespread visibility of anesthesiologists 
and potential recruiting ability for our specialty. 

A final justification for encouraging anesthesiolo- 
gists to expose themselves to formalized ACLS-CPR 
training concerns resuscitation research. Many of the 
“standard” ACLS-CPR therapies accepted today have 
been promulgated from common sense, logic, anec- 
dote, or scientific best guess. The recent studies that 
have been conducted to provide more scientific data 
only came about because somebody knew what was 
accepted as standard care and dared to question its 
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validity. Only after anesthesiologists have read and 
actively learned the “book,” are they in a position to 
query what is the “gospel.” 

ACLS-CPR clinical care, teaching, administration, 
and research are all activities applicable to anesthe- 
siologists. Involvement in any or all of these activities 
clearly justifies our belief that anesthesiologists need 
ACLS-CPR training. We as teachers, however, do not 
dictate policy. Teachers make statements to engage 
students in a process of thought, consideration, and 
review. It is you, the pupil, who finally accepts or 
rejects the concept, in this instance, our recommen- 
dation that anesthesiologists need to and should learn 
ACLS. 
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Factors Associated with Perioperative Complications 
during Carotid Endarterectomy 


Caridad B. Asiddao, MD,* Judith H. Donegan, MD,} Robert C. Whitesell, MD,* and 
John H. Kalbfleisch, PhDt 





AsIDDAO, C. B., DONEGAN, J. H., WHITESELL, R. C., AND KALBFLEISCH, J. H.: Factors associated with perioperative 
complications during carotid endarterectomy. Anesth Analg 1982;61:631-7. 


Records from 166 cases of unilateral carotid endarterectomy were reviewed to investigate the association of certain 
preoperative and intraoperative factors with perioperative complications including hypertension and hypotension, 
neurologic deficit, myocardial infarction, and mortality. No myocardial infarctions occurred and mortality was zero. 
Complications associated with some of the study factors included postoperative hypertension and neurologic deficit. 
Postoperative hypertension occurred more frequently (a) in patients with poor preoperative blood pressure (BP) 
control (BP = 170/95 torr) than in those with adequate control (BP < 170/95 torr) or normotension (52%, 35%, and 
17%, respectively, p < 0.01) and, (b) when additional peripheral vascular disease was present (43% vs 25%, p < 
0.05). The incidence of neurologic deficit was higher when hypertension developed after surgery (20%) than when 
patients remained normotensive (6%) or developed hypotension (0%, p < 0.05). Patients whose hypertension was 
poorly controlled had a greater incidence of transient neurologic deficit (23.8%) than patients with controlled 
hypertension (2.5%) or patients with normotension (1.5%, p < 0.01); permanent neurologic deficit occurred more 
frequently in those with bilateral disease on angiography than in those with unilateral disease (8.8% vs 1.2%, p < 


0.05). 


Key Words: SURGERY: carotid endarterectomy; BRAIN: carotid endarterectomy. 


NDIVIDUALS with mild to moderate hypertension 

tolerate anesthesia and surgery without significant 
cardiovascular complications (1, 2), whereas those 
with untreated or inadequately treated hypertension 
frequently develop intraoperative hypotension and 
myocardial ischemia (2). This study examined the 
operative and postoperative course of a group of 
patients with a high incidence of hypertension and 
frequent occurrence of intraoperative and postopera- 
tive blood pressure lability, i.e., those undergoing 
carotid endarterectomy. 

Postoperative blood pressure lability frequently oc- 


* Assistant Professor, Department of Anesthesiology, The Med- 
ical College of Wisconsin. 

+ Associate Professor, Department of Anesthesiology, The Med- 
ical College of Wisconsin. 

f Biostatistician, Research Service, Veterans Administration 
Medical Center. 

Received from the Department of Anesthesiology, The Medical 
College of Wisconsin, and Research Service, Veterans Administra- 
tion Medical Center, Milwaukee, Wisconsin. Accepted for publi- 
cation April 7, 1982. 

Reprint requests to Dr. Asiddao, Department of Anesthesiology, 
The Medical College of Wisconsin, 8700 West Wisconsin Avenue, 
Milwaukee, WI 53226. 


~: > @ 


curs following carotid endarterectomy (3-8) and may 
be associated with an increased incidence of neuro- 
logic complications (4, 8}. The exact reason for this 
lability is not completely understood, but the presence 
of preoperative hypertension may be a contributing 
factor (7, 8). Other causes which have been suggested 
include altered baroreceptor activity (3, 5-7) and ab- 
normal plasma volume (5). 

Control of blood pressure significantly reduces 
mortality and morbidity in hypertension (9, 10), in- 
cluding the prevention or delay of initial or recurrent 
stroke (11, 12). In the present study, the relationship 
of adequate preoperative control of hypertension to 
the incidence of intraoperative and postoperative 
blood pressure lability, neurologic deficit, myocardial 
infarction, and operative mortality was examined. 

Several other preoperative and intraoperative fac- 
tors, including coexistent medical problems, present- 
ing neurologic symptoms, extent of carotid artery 
disease, type of anesthetic, use of an intra-arterial 
catheter, and use of an indwelling shunt were also 
evaluated to determine their relationship to periop- 
erative complications. 
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COMPLICATIONS OF CAROTID ENDARTERECTOMY 


Methods 


Selection of Patients 


The records for all carotid endarterectomies per- 
formed at the Milwaukee County Medical Complex 
from December 19, 1972 to September 17, 1980 were 
reviewed. Patients with prior contralateral carotid sur- 
gery or simultaneous coronary artery bypass were 
excluded. The resulting series consisted of 166 cases. 


Study Factors 


Medical records were examined for information 
pertaining to preoperative, intraoperative, and post- 
operative periods. The postoperative period was de- 
fined as the time from the patient’s arrival in the 
recovery room until discharge from the hospital. 

Variables coded from the hospital records included: 
(a) preoperative blood pressure; (b) anesthetic 
agent(s); (c) coexistence of diabetes mellitus, heart 
disease, or other peripheral vascular disease; (d) pre- 
senting neurologic manifestations (e.g., asymptomatic 
bruit, transient ischemic attack, previous stroke, other 
symptoms); (e) angiographic description of carotid 
artery disease (i.e., ipsilateral or bilateral, <50% or 
>50% occlusion, presence or absence of intra-arterial 
ulcers); (f) use of an inlying shunt; (g) use of direct 
arterial blood pressure’ ‘monitoring; (h) duration of 
anesthesia and surgery; and (i) perioperative compli- 
cations. 

Preoperative systolic and diastolic blood pressures 
recorded following hospital admission were averaged. 
Patients without a history of hypertension, whose 
systolic pressure averaged less than 160 torr and 
diastolic pressure less than 95 torr, were considered 
normotensive. Patients receiving medical treatment 
for hypertension were considered controlled hyper- 
tensives if their average blood pressure was less than 
170 torr systolic and 95 torr diastolic. Patients with a 
systolic pressure = 170 torr and/or diastolic pressure 
= 95 torr were considered poorly controlled hyper- 
tensives. Patients without a history of hypertension, 
but whose averaged preoperative blood pressure fell 
in the latter category, were grouped with the poorly 
controlled hypertensives. 

All procedures were performed under general an- 
esthesia. The anesthetic technique was classified as 
the following: (a) inhalation (nitrous oxide supple- 
mented by halothane or enflurane, (b) balanced (ni- 
trous oxide supplemented by morphine, meperidine, 
or fentanyl] and a muscle relaxant), or (c) combination 
(nitrous oxide-narcotic supplemented with halothane 
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or enflurane), The total cumulative dose of thiopental 
received by the patient up to the time of carotid artery 
clamping was coded as high (15 mg/kg), low (4 to 10 
mg/kg), or none (another induction agent used). 
Postoperative events studied were: (a) hypertension 
and hypotension, (b) transient or permanent neuro- 
logic complications, (c) myocardial infarction, and (d) 
mortality. Intraoperative as well as postoperative hy- 
pertension was defined as a sustained increase in 
systolic blood pressure to =200 torr and/or diastolic 
pressure to 2110 torr requiring pharmacologic con- 
trol. Intraoperative or postoperative hypotension was 
considered to have occurred when a vasopressor was 
necessary to maintain systolic blood pressure within 
10% of the upper range of preoperative levels. Neu- 
rologic complications were divided into permanent or 
transient deficits depending on whether new cerebral 
ischemic manifestations observed following carotid 
endarterectomy persisted for more than 24 hours. 


Statistical Methods 


Evaluation of the influence of medical history, an- 
esthesia, and the other aforementioned categorical 
study variables on perioperative complications was 
accomplished by log-linear multidimensional contin- 
gency table analysis (13). Study factors were judged 
to be related if the corresponding interaction term in 
the log-linear model was declared significant with 
tests of partial and marginal association. To display 
the results, the data are presented as percentages in 
tabular form so that the relation or lack of relation 
between a study variable and complication can be 
seen. Differences in mean values of continuous study 
variables were assessed with analysis of variance and 
multiple comparison techniques (14). In all statistical 
testing, probability levels of 0.05 and 0.01 were used 
for significance. 


Results 


In this series of 166 patients, 55% were male and 
45% female. The mean age was 63 years. Diabetes 
mellitus was present in 26% of the patients and other 
peripheral vascular disease in 28%. Heart disease as 
determined by history, electrocardiography, or car- 
diac catheterization was evident in 57% of the patients. 

In 83% of the patients direct intra-arterial pressure 
monitoring was utilized. All patients were mechani- 
cally ventilated and arterial Pco, was kept normal for 
the individual. An inlying shunt was used in 79% of 
the cases. Mean anesthesia time was 186.3 + 40.8 
(SD) minutes; mean operating time was 138.29 + 38.4 
minutes. 


a+ 


ASIDDAO ET AL 


Thirty-seven percent of patients required a vaso- 
pressor to maintain intraoperative systolic blood pres- 
sure within approximately 10% of the upper range of 
the preoperative levels. Phenylephrine was used in 58 
of the 61 total cases. The occurrence of intraoperative 
hypotension was not influenced by the presence of 
heart disease (Table 1). A higher incidence of intra- 
operative hypotension was seen in hypertensive 
(44.3% and 33.3%) than in normotensive patients 
(28.8%), but this was not statistically significant ( p = 
0.146). Although frequency of intraoperative hypo- 
tension was higher in patients who received inhalation 
anesthesia than in those given a balanced anesthesia 
or a combination, the difference was not significant 
(p = 0.099). The occurrence of intraoperative hypo- 
tension was significantly higher among patients who 
received high doses of thiopental compared with those 
who were given low doses or received no thiopental. 
Sustained intraoperative hypertension was docu- 
mented in only six cases. 

No patient had a myocardial infarction and there 
were no deaths. Forty-seven percent of patients ex- 
perienced at least one postoperative complicating 
event of hypotension, hypertension, transient neuro- 
logic deficit, or permanent neurologic deficit (Table 
2). Neurologic complications (transient or permanent) 
occurred in 20% of the patients with postoperative 
hypertension, in 6% of those with normal blood pres- 


TABLE 1 


Influence of Hypertension, Heart Disease, and Anesthesia 
on Occurrence of Intraoperative Hypotension 


No. of patients ae 
% 
Preoperative factors 
Hypertension 
None 66 28.8 
Controlled 79 44.3 
Uncontrolled 21 33.3 
Heart disease 
Absent 72 34.7 
Present 94 38.3 
Operative factors 
Anesthesia 
Inhalation 90 43.4 
Balanced 56 32.1 
Combination 20 20.0 
Thiopental dose 
High 46 63.0+ 
Low 112 27.7 
None 8 12.5 


* Values denote relative frequency within each category. 
+ Significantly different from other percentages, p < 0.01. 


TABLE 2 
Postoperative Complications 
Complication No. of patients Incidence 
% 

Hypertension 50 29.5 
Hypotension 22 13.3 
Transient neurologic deficit 8 4.8 
Permanent neurologic deficit 8 4.8 
Myocardial infarction 0 ‘0.0 
Mortality O 0.0 


sure and in none of the patients who had a hypoten- 
sive episode. 

The relationship of the preoperative and operative 
factors to postoperative hypertension, hypotension, 
and neurologic complications is shown in Tables 3 
and 4. The incidence of postoperative hypertension 
was significantly greater in patients who had preop- 
erative hypertension than in those who did not. It 
occurred more frequently in those whose hyperten- 
sion was poorly controlled before surgery than in 
those in whom preoperative hypertension was well 
controlled. Although hypotension was observed more 
frequently in both groups of hypertensive patients 
than in those with normal preoperative blood pres- 
sure, the difference was not statistically significant. 
Postoperative transient neurologic deficits occurred 
significantly more often in patients with poorly con- 
trolled preoperative blood pressure. 

The presence of other peripheral vascular disease 
was associated with a greater incidence of postoper- 
ative hypertension. Permanent neurologic deficit was 
observed more often in patients with bilateral carotid 
artery disease than in those with unilateral disease. 

The incidence of postoperative hypertension was 
greater in patients who received inhalation anesthesia 
or a combination than in those in whom a balanced 
technique was used. The rate of occurrence of post- 
operative hypotension and neurologic deficit was not 
related to the anesthetic agent. 

The occurrence of postoperative complications was 
not influenced by: (a) the coexistence of diabetes 
mellitus and heart disease, (b) the presenting neuro- 
logic manifestation, (c) the percentage of carotid oc- 
clusion and the presence or absence of ulcer, (d) the 
use of inlying shunt, (e) the use of direct intra-arterial 
blood pressure monitoring, or (f) the duration of 
anesthesia and operation. 


Discussion 


Although the patients in this study had a variety of 
coexisting medical problems, only hypertension— 
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TABLE 3 
Influence of Preoperative Factors on Postoperative Events * 








l No. of Postoperative blood pressure (in patients) Neurologic complications 
Preoperative study factors patients es oe e a Seen 
Normal Hypotension Hypertension None PND TND 
% % 
Medical history 
Hypertension 
None (normotensive) 66 74.2 9.1 16.7 95.5 3.0 1.5 
Controlied 79 48.1 16.5 35.47 92.4 5.1 2.5 
Uncontrolled 21 33.3 14.3 §2.4} 66.7 9.5 23.8§ 
Heart disease 
Absent 72 63.9 9.7 26.4 93.1 4.2 2.8 
Present 94 51.1 16.0 32.9 88.3 5.3 6.4 
Peripheral vascular disease 
Absent 119 62.2 12.6 25.2 91.6 5.0 3.4 
Present 47 42.6 14.8 al l 87.2 8.5 4.3 
Diabetes 
Absent 123 57.7 10.6 31.7 89.4 5.7 4.9 
Present 43 53.5 20.9 25.6 93.0 2.3 4.7 
Presenting neurologic symptoms 
Asymptomatic bruit 13 53.8 0.0 46.2 84.6 15.4 0 
Stroke 46 47.9 13.1 39.1 91.3 2.2 6.5 
Transient ischemic attack 94 60.6 14.9 24.5 91.4 4.3 4.3 
Other 13 61.5 15.4 23.1 84.6 7.7 7.7 
Extent of carotid artery disease 
Side 
ipsilateral 84 60.7 11.9 27.4 92.9 1 = 4 5.9 
Bilateral 80 52.5 15.0 32.5 87.4 8.8 3.8 
Occlusion 
<50% 40 67.5 12.5 20.0 90.0 5.0 5.0 
>50% 124 53.2 13.7 33.1 90.4 4.8 4.8 
Ulcer 
Absent 92 50.0 1 a4 32.6 91.4 4.3 4.3 
Present 72 65.3 8.3 1 26.4 88.8 5.6 5.6 





* Abbreviations used are: PND, permanent neurologic deficit; TND, transient neurologic deficit, PHT, postoperative hypertension 
+ Occurrence of PHT significantly different from patients with normotension (p < 0.05). 

+ Occurrence of PHT significantly different from patients with normotension (p < 0.01). 

§ Occurrence of TND significantly different from patients with normotension and controlled hypertension (p < 0.001). 


|| Occurrence of PHT significantly different (p < 0.05). 


{ Occurrence of postoperative hypotension significantly different (0 = 0.05). 


# Occurrence of PND significantly different (p < 0.05). 


particularly if poorly controlled—influenced eventual 
outcome. The increased incidence of postoperative 
hypertension among the patients with peripheral vas- 
cular disease might be related to the fact that 66% of 
these cases were also known hypertensives. Hyper- 
tension, even isolated systolic hypertension (15), has 
been identified as the principal risk factor for stroke. 
Antihypertensive therapy has been shown to prevent 
or delay initial or recurrent stroke (11, 12) and to 
reduce the incidence of many of the complications of 
hypertension (16). Thus, it might be expected that 
patients with hypertension would have a higher rate 
of postoperative complications following carotid end- 
arterectomy and that control of the blood pressure 
might decrease the incidence to that approaching the 
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complication rate for normotensives. The present 
study suggests that although hypertensive patients 
have a greater incidence of postoperative hyperten- 
sion than do those who are normotensive, effective 
preoperative blood pressure control may reduce the 
incidence of this complication and of postoperative 
neurologic deficit. 

The risks of operation and anesthesia in hyperten- 
sive patients have been examined by others (1, 2, 17). 
Goldman and Caldera (1) prospectively studied 676 
major noncardiac, non-neurologic operations in 196 
patients more than 40 years of age and found that 
neither the preoperative systolic nor diastolic blood 
pressure values correlated with perioperative blood 
pressure lability, the development of cardiac arrhyth- 
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TABLE 4 
influence of Operative Factors on Postoperative Events* 





Postoperative blood pressure Neurologic complications 





Operative study No. of patients 
factors Normal Hypotension Hypertension None PND TND 
% of patients % 

Anesthesia 

inhalation 90 48.9 13.3 37.8 91.2 4.4 4.4 

Balanced 56 71.4 14.3 14.3TF 89.3 5.4 5.4 

Combination 20 50.0 10.0 40.0 90.0 5,0 5.0 
Thiopental dose 

High 46 47.8 13.0 39.1 91.3 2.2 6.5 

Low 112 58.9 13.4 27.7 89.3 6.2 4.5 

None 8 75.0 12.5 12.5 100.0 0.0 0.0 
intra-arterial catheter 

No 27 63,0 7.4 29.6 92.6 7.4 0.0 

Yes 129 52.7 15.5 31.8 89.1 4.7 6.2 
Shunt 

No 34 61.7 11.8 26.5 85.3 5.9 8.8 

Yes 122 52.4 14.8 32.8 90.9 4.9 4.1 





* Abbreviations used are: PND, permanent neurologic deficit; TND, transient neurologic deficit; PHT, postoperative hypertension. 
t Occurrence of PHT significantly different from inhalation and combination anesthesia group (p < 0.05). 


mias, myocardial ischemia or failure, or the incidence 
of postoperative renal failure. Prys-Roberts et al (2) 
found that patients with untreated or inadequately 
treated hypertension were at greater risk for the de- 
velopment of intraoperative hypotension and my- 
ocardial ischemia. Prys-Roberts (17) has explained the 
apparent differences in these findings by the fact that 
most of the hypertensive patients in Goldman and 
Caldera’s study were in the mild-to-moderate range 
(less than 110 torr diastolic), whereas several of those 
studied by Prys-Roberts et al (2) had severe hyperten- 
sion. Our study is in agreement with these findings, 
as the highest rate of complications occurred in the 
patients whose hypertension was poorly controlled. 
However, we used a lower diastolic blood pressure 
than 110 torr (i.e., 95 torr) as our criterion for control 
and found a difference in complications in patients 
whose blood pressure was above or below this level. 
In addition, we found that hypertensive patients 
whose pressures were controlled before surgery had 
a lower incidence of postoperative hypertension than 
did patients with poorly controlled blood pressures. 
Conversely, Goldman and Caldera (1) and Prys-Rob- 
erts et al (2) found that postoperative hypertension 
was more common in patients with histories of severe 
hypertension regardless of whether their pressures 
were well controlled before anesthesia. Others (8) 
have reported an increased incidence of postoperative 
hypertension in hypertensive patients following ca- 
rotid endarterectomy, but have not evaluated the 
influence of treatment on this incidence. Although 
Bove et al (7) demonstrated a significant correlation 


between hypertension and postoperative hypoten- 
sion, our study and that of Tarlov et al (5) did not. 

The association of postoperative hypertension with 
neurologic deficit, which has been reported previ- 
ously (7, 8), was also demonstrated in this study. 
Conversely no correlation between postoperative hy- 
potension and neurologic deficit was seen. Both com- 
plications were treated promptly and thus persistence 
of one blood pressure abnormality or the other could 
not account for the difference. 

Sundt and colleagues (18) found severe hyperten- 
sion (blood pressure 180/110 torr) to be an important 
risk factor in patients undergoing carotid endarterec- 
tomy. Our data suggest that blood pressure should be 
under even better control than this before surgery, as 
patients with pressures higher than 170/95 torr had 
an increased incidence of neurologic deficit, whereas 
those with blood pressures below this level did not 
have an incidence of neurologic deficits significantly 
different from that observed in normotensive patients. 

Our findings suggest that a patient scheduled for 
elective carotid endarterectomy whose hypertension 
is poorly controlled might benefit from better pre- 
operative blood pressure control. The findings do not 
indicate, however, the optimum length of time before 
surgery during which this control should be estab- 
lished and maintained. The anesthesiologist presented 
with such a patient, who is scheduled for endarter- 
ectomy the following day, possesses no useful guide- 
lines as to how to proceed. It would not be in the 
patient’s best interest to decrease pressure acutely and 
then proceed with surgery. Individuals with hyperten- 
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sion have a cerebral autoregulatory curve that is 
shifted to the right, i.e., both the upper and lower 
limits of mean arterial pressure between which cere- 
bral blood flow remains relatively constant are higher 
than they are in normotensive individuals. This tends 
to return toward normal with effective antihyperten- 
sive therapy, but the change may require several 
months (19), Meyer and colleagues (20) demonstrated 
that 2 weeks of antihypertensive therapy resulted in 
a slight increase (8.2 ml/100 g of brain/min) in cere- 
bral blood flow in nine of 13 patients with poorly 
controlled hypertension and cerebrovascular symp- 
toms. Cerebral blood flow decreased slightly (3.8 ml/ 
100 g of brain/min) in four patients whose mean 
arterial pressure was reduced to a greater extent (av- 
erage = 25 mm Hg). 

A gradual reduction of blood pressure during a 
period of 2 to 4 weeks before surgery may be the best 
approach to the treatment of these patients. The data 
presented here suggest that pressure need not be 
greatly reduced as those patients whose blood pres- 
sures did not exceed 170/90 torr with antihyperten- 
sive therapy had an overall neurologic outcome that 
did not differ significantly from that of normotensive 
patients. If surgery cannot be delayed, it is probably 
best not to decrease blood pressure acutely, but rather 
to maintain it in the patient’s customary range during 
the perioperative period. 

Anesthesia for carotid endarterectomy has been 
successfully managed with a variety of intravenous, 
inhalation, and regional techniques; each has advan- 
tages and disadvantages. Aside from a lower incidence 
of postoperative hypertension in those who received 
balanced anesthesia, our study did not demonstrate 
any association between postoperative complications 
and the anesthetic used. This was true when large 
doses (15 mg/kg) of thiopental were given before 
carotid artery clamping, as well as when the drug was 
used in smaller doses for induction of anesthesia. 
There was, however, an increase in the number of 
patients requiring intraoperative vasopressor therapy 
in patients given high doses of thiopental. It should 
be pointed out that this was not a controlled trial of 
the efficacy of barbiturate administration in prevent- 
ing neurologic complications following carotid end- 
arterectomy and no conclusions concerning its value 
in this situation should be drawn from this study. 

Although no relationship was found between the 
use of direct intra-arterial monitoring of blood pres- 
sure and the incidence of complications, we feel that 
such monitoring is extremely valuable as control of 
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blood pressure and arterial blood gas tensions is an 
important part of the perioperative management of 
patients undergoing carotid endarterectomy (21). 

No myocardial infarctions and no deaths occurred 
in this series. A strong correlation between the inci- 
dence of myocardial infarction and preexisting heart 
disease, particularly coronary artery disease, has been 
documented in patients undergoing carotid artery 
surgery (18, 22-24). Rubio and Guinn (22) reported 
perioperative fatal myocardial infarctions in 16% of 
their patients with diagnosed coronary artery disease, 
whereas Ennix et al (23) showed that 14% of patients 
with symptomatic coronary artery disease at the time 
of carotid surgery had a fatal myocardial infarction. 

In our series, heart disease was present in 57% of 
patients and although none of them had unstable 
angina at the time of surgery, there was verifiable 
evidence of coronary artery disease in 55% of this 
group. The fact that no documented case of periop- 
erative myocardial infarction was observed might be 
related to the routine maintenance of blood pressure 
within 10% of the upper range of the pressure consid- 
ered normal for each individual. Prompt pharmaco- 
logic intervention was the rule for hypertensive as 
well as hypotensive episodes. Phenylephrine (0.002%) 
was our agent of choice for the treatment of hypoten- 
sion. The reflex bradycardia produced by this pre- 
dominantly alpha-adrenergic agonist may help in 
maintaining myocardial oxygen demand within ac- 
ceptable limits. Agents possessing both alpha- and 
beta-adrenergic agonistic effects could more easily 
produce an imbalance of myocardial oxygen demand 
and supply in patients who are at risk because of 
coronary artery disease. The increased incidence of 
perioperative myocardial infarction reported in pa- 
tients with heart disease in whom metaraminol was 
used to maintain blood pressure during carotid artery 
clamping (24) might reflect this phenomenon. Intra- 
operative vasopressors were administered to 35% of 
our patients with heart disease and no myocardial 
infarctions occurred. 

In conclusion, perioperative factors that unfavora- 
bly affected neurologic outcome following carotid 
endarterectomy included poor preoperative blood 
pressure control, the presence of bilateral carotid 
artery disease, and the development of postoperative 
hypertension. The incidence of this latter complica- 
tion was also shown to be related to the degree of 
preoperative blood pressure control. These findings 
suggest that among the various factors under control 
of the anesthesiologist, strict regulation of blood pres- 
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sure, not only during surgery but also before and after 
surgery, is extremely important in the management of 
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patients undergoing carotid endarterectomy. 


10. 
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Maternal, Fetal, and Neonatal Responses after 
Epidural Anesthesia with Bupivacaine, 
2-Chloroprocaine, or Lidocaine 
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ABBOUD, T. K., KHOO, S. S., MILLER, F., DOAN, T., AND HENRIKSEN, E. H.: Maternal, fetal, and neonatal responses after 
epidural anesthesia with bupivacaine, 2-chloroprocaine, or lidocaine. Anesth Analg 1982;61:638-44. 


The effects of epidural! analgesia on fetal heart rate, fetal heart rate variability, uterine activity, maternal blood pressure, 
newborn Apgar scores, neonatal acid base status, and the early neonatal neurobehavioral status were studied in 150 
parturients during labor and delivery. Group I (n = 50) received 0.5% bupivacaine, group Il (n = 50) received 2% 2- 
chloroprocaine, and group Ill (n = 50) received 1.5% lidocaine. None of the three local anesthetics used had any 
significant effect on either base line fetal heart rate, beat-to-beat variability, or uterine activity. In cases in which 
monitoring of fetal heart rate was both technically satisfactory and continuous, late deceleration patterns were seen 
in 8 of 42, 0 of 34, and 3 of 47 of the fetuses in groups I, H, and III, respectively. The difference in incidence of late 
deceleration patterns between groups | and Il was statistically significant ( p < 0.025). Early neonatal neurobehavioral 
status did not differ among the three groups of neonates nor did any of the neonates in the three groups score lower 
than a control group of 20 neonates whose mothers did not receive any analgesia or medications for labor or delivery. 
it is concluded that epidural anesthesia as administered in this study has no significant effect on the base line fetal 
heart rate, uterine activity, or neurobehavioral status of the neonate, and that bupivacaine is associated with a higher 


incidence of what appears to be transient abnormalities of feta! heart rate. 


Key Words: ANESTHESIA: obstetric; ANESTHETIC TECHNIQUES: epidural. 





PIDURAL analgesia for labor and delivery has 

gained widespread use because of its effective- 
ness and, when properly conducted, its safety. 2- 
Chloroprocaine (1, 2), lidocaine (3-9), and bupiva- 
caine (10-18) are currently widely used, but no de- 
tailed comparative study of the effects of these agents 
on fetal heart rate, fetal heart rate variability, or 
uterine activity has been reported. The present study 


* Associate Professor of Anesthesiology and Director of Ob- 
stetrical Anesthesia Research. 

t Fellow of Obstetric Anesthesiology. 

} Associate Professor of Obstetrics and Gynecology. 

§ Associate Professor of Anesthesiology. 

Supported by a grant from Pennwalt Corporation, Rochester, 
New York. 

Received from the Departments of Anesthesiology and Obstet- 
rics and Gynecology, Women’s Hospital. Los Angeles County- 
University of Southern California Medical Center, Los Angeles, 
California, Accepted for publication April 28, 1982. Presented at 
the Society of Obstetric Anesthesia and Perinatology meeting, 
1981, San Diego, California, and the Annual Meeting of the Amer- 
ican Society of Anesthesiologists, October 21, 1981, New Orleans, 
Louisiana, 

Reprint requests to Dr. Abboud, Los Angeles County-University 
of Southern California Medical Center, 1200 North State Street, 
P.O. Box 12, Los Angeles, CA 90033. 


638 


ANESTHESIA AND ANALGESIA 
Vol 61, No 8, August 1982 


was undertaken to determine the effect of these local 
anesthetics on the mother, fetus, and neonatal out- 
come, as well as to measure the plasma levels of these 
agents. 


Methods and Materials 


One hundred fifty laboring parturients at term with 
no obstetric or medical complications who elected to 
have epidural analgesia for labor and delivery were 
studied. The study was approved by the Committee 
on Human Experimentation and informed consent 
was obtained from each patient. The patients received 
no intravenous medications within 30 minutes and no 
intramuscular medications within 1 hour before the 
onset of the study period. All patients had ruptured 
membranes. Utilizing a Corometrics 112 fetal moni- 
tor, uterine activity was monitored with a transcervical 
intrauterine catheter and fetal heart rate (FHR) was 
directly monitored with a scalp electrode. Fetal heart 
rate variability was also recorded using the template 
of Hon (19). Maternal heart rates and blood pressures 
were monitored throughout the study period using 
precordial stethoscopes and sphygmomanometers. 
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Before induction of epidural anesthesia, all fetuses 
had normal FHR patterns. 

With patients in the left lateral decubitus position, 
epidural catheters were placed at L3-4 interspace and 
advanced 2 cm cephalad. Patients were then placed in 
the supine position with left uterine displacement. All 
patients were given 500 ml of 5% dextrose in lactated 
Ringer’s solution and, after measurement of FHR, 
fetal heart rate variability, uterine activity, and mater- 
nal blood pressure for 30 minutes, patients were given 
one of three local anesthetics in a random manner. 
Group I (n = 50) received bupivacaine 0.5%; group II 
(n = 50) received 2% 2-chloroprocaine; group III (n 
= 50) received 1.5% lidocaine. Epinephrine-containing 
solutions were not used. If 5 minutes after a test dose 
of 2 ml of local anesthetic was injected there was no 
evidence of subarachnoid injection, the remainder of 
the local anesthetic was administered. The dose was 
chosen to provide analgesia to a level of T-10, taking 
into consideration the height of the patient. Local 
anesthetics were reinjected as clinically indicated and 
observations continued until delivery of the infant in 
42, 34, and 47 patients for groups I, II, and IIL 
respectively. The remainder of the patients were only 
observed up to 60 minutes following the injection of 
the local anesthetics into the epidural space and at 
time of delivery. 

Duration of analgesia was defined as the time from 
onset of pain relief until the time of onset of discom- 
fort. The overall quality of the analgesia was evaluated 
using our routine scale ranging from O for no pain 
relief to 4+ representing excellent analgesia. Maternal 
hypotension was considered to be present whenever 
systolic blood pressure decreased more than 30 torr 
or to less than 100 torr. Hypotension was corrected 
by increasing the rate of intravenous fluid infusion 
and by administration of intravenous ephedrine. 

Maternal venous blood samples for measurement 
of local anesthetic concentrations were obtained from 
an indwelling venous catheter 5 minutes after injec- 
tion of the local anesthetic agent into the epidural 
space and at the time of delivery. Also, blood was 
collected from a doubly clamped section of umbilical 
cord for measurement of local anesthetic levels and 
acid base status. All samples were immediately put 
into heparinized tubes containing 0.3 ml of echothio- 
phate iodide, a cholinesterase inhibitor (Ayerst Lab- 
oratories, Los Angeles, CA). The plasma was removed 
following centrifugation and frozen until assayed for 
drug levels using modification of the gas chromato- 
graphic technique of Mather and Tucker (20). 

Neonates were evaluated by Apgar scores at 1 and 


5 minutes, cord acid base status at time of delivery, 
and early neonatal neurobehavioral scale (ENNS) at 
2 and 24 hours of age, according to a previously 
described protocol (21). Apgar scores were assigned 
by pediatricians who were blind to the local anesthetic 
administered. The neurobehavioral examination was 
performed by a trained anesthesia research fellow. 
Variables in the neurobehavioral examination were 
scored on a scale from O to 3, with O and 1 being 
absent or weak responses (low scores) and 2 and 3 
being moderate or brisk responses (high scores). Re- 
sults of the ENNS were compared with ENNS results 
obtained in a group of 20 control babies whose moth- 
ers did not receive any analgesics or medications for 
labor or delivery. Persons who administered the an- 
esthetics and those who evaluated the mother, fetus, 
and neonate, including the control group, were com- 
pletely blind to the local anesthetic administered. 

Data were analyzed for statistical significance using 
analyses of variance, Student’s t-test, and chi-square 
when appropriate. A p value of less than 0.05 was 
considered statistically significant. 


Results 


Data on maternal age, weight, height, parity, infant 
gestational age, and weight are summarized in Table 
1. With the exception of statistically significant dif- 
ferences in maternal and infant weights, there were 
no significant differences among the three groups 
with regard to patient characteristics. 


Effects on Mother 


Sixteen patients developed hypotension (five in 
group I, eight in group II, and three in group III). The 
incidence was not statistically different among the 
three groups and in no case did it last longer than 2 


TABLE 1 
Patient Data* 
Bupivacaine 2-Chloropro- Lidocaine 
(n = 50) caine (n = 50) (n = 50) 
Maternal age (yr) 23.3 + 4.8 22.6 + 4.9 21.9 + 4.3 
Maternal weight 56.9 + 10.7 72+ 117 67.6 + 10.7 
(kg) 
Maternal height 155 +10 157.545 15548 
(cm) 
Parity 2.0+ 1.6 1.7 + 1.3 1.9+ 1.3 
Gestational age 39.9 + 2.9 40 + 1.9 39.7 + 2.5 
(wk) 
infant weight 2351 + 528 3659 + 505} 3390 + 441 
(gm) 


* Values are means + SD. 

+ p < 0.01 compared to bupivacaine and lidocaine by Student's t- 
test. 

+ p < 0.001 compared to bupivacaine and lidocaine by Student's t- 
test. 


ANESTHESIA AND ANALGESIA 
Vol 61, No 8, August 1982 


639 


EPIDURAL ANALGESIA: MOTHER, FETUS, AND NEONATE 


minutes. Ephedrine was given to nine patients. Mean 
systolic and diastolic blood pressures showed a statis- 
tically significant decrease 20 to 40 minutes after 
administration of all three local anesthetics ( p < 0.05) 
(Fig 1). The quality of the analgesia was either 3+ or 
4+ in all patients. Duration of analgesia in minutes 
(mean + SD) was 115 + 36 for bupivacaine, 46 + 14 
for chloroprocaine, and 52 + 18 for lidocaine. 


Effects on Fetus 


There were no significant changes in the mean base 
line FHR (Fig 2) or fetal heart rate variability (Fig 3) 
with any of the three local anesthetics. Following 
injection of the local anesthetic into the epidural 
space, changes were observed in periodic FHR pat- 
terns as defined by Kubli et al (22), by which we 
mean late and variable decelerations. Ten of the 42 
patients receiving bupivacaine, two of 34. patients 
receiving 2-chloroprocaine, and eight of 47 patients 
receiving lidocaine showed these patterns. Following 
bupivacaine, two fetuses had prolonged deceleration 
in the base line heart rate lasting 7 and 10 minutes, 
respectively. Both were associated with increased ir- 
regularity of the base line. Six fetuses in the same 
group had moderate to severe late deceleration 3 to 
17 minutes following injection of bupivacaine and 
two fetuses had from two to four mild/or moderate 
variable decelerations observed 8 to 17 minutes after 
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Fie 1. Effects of epidural anesthesia with bupivacaine, 2-chlo- 


roprocaine, or lidocaine on maternal systolic and diastolic blood 
pressures after first injection of local anesthetic into epidural 
space (mean + 2 SEM). There were 50 patients in each group. 
There were statistically significant decreases in both systolic 
and diastolic blood pressures 20 to 40 minutes after injection of 
all three local anesthetics ( p < 0.05) as determined by Student's 
t-test. 
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Fic 2. Effects of epidural anesthesia with bupivacaine, 2-chlo- 
roprocaine, or lidocaine on fetal heart rate (mean + 2 SEM). No 
changes were statistically significant by Student's t-test. 
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Fie 3. Effects of epidural anesthesia with bupivacaine, 2-chlo- 
roprocaine, or lidocaine on fetal heart rate variability (mean + 
2 SEM). No changes were statistically significant by Student’s 
t-test. 


injection. After receiving 2-chloroprocaine, two fe- 
tuses had mild variable deceleration within 18 min- 
utes of the injection. After lidocaine the changes were 
observed 7 to 18 minutes following injection, five 
fetuses having mild and/or moderate variable decel- 
eration, whereas three fetuses had moderate late de- 
celerations. To summarize, late deceleration patterns 
occurred in eight fetuses following administration of 
bupivacaine, in three fetuses after lidocaine, and in 
none following 2-chloroprocaine. The difference in 
incidence between groups I and II was statistically 
significant ( p < 0.025). In all cases adverse changes in 
FHR lasted for two to seven contractions with the 
exception of one fetus in the bupivacaine group in 
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which variable deceleration persisted until delivery. 
These abnormal patterns were not associated with 
maternal hypotension except for one case in which 
bupivacaine was given, neither were they associated 
with increased uterine activity or abnormally high 
drug levels in the mother or the neonate. All fetuses 
who developed these patterns had good outcome as 
ascertained by the Apgar scores, cord acid base status, 
and ENNS. 


Effects on Uterine Activity 


Uterine activity, as measured by the number of 
contractions per 10 minutes (Fig 4), was not signifi- 
cantly affected by any of the three local anesthetics. 


Maternal and Fetal Plasma Anesthetic Levels 


Plasma levels of local anesthetics are presented in 
Tables 2 and 3. The fetal-to-maternal ratios of plasma 
concentrations of local anesthetics were 0.30 and 0.70 
for bupivacaine and lidocaine, respectively. 2-Chlo- 
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Fig 4. Effects of epidural anesthesia with bupivacaine, 2-chio- 
roprocaine, or lidocaine on uterine activity (mean + 2 SEM). No 
changes were statistically significant by Student’s Hest. 


TABLE 2 
Plasma Concentrations of Bupivacaine and Lidocaine* 


Bupivacaine Lidocaine 


ug/ml 
Maternal vein 


5 min after 0.30 + 0.02 {n = 50) 0.74 + 0.05 (n = 50) 
injection 

At time of 0.30 + 0.05 {n = 29) 1.22 + 0.11 (n = 41) 
delivery 

Umbilical vein 0.10 + 0.02 (n = 28) 0.80 + 0.07 {n = 37) 

Umbilical artery 0.13 + 0.05 (n = 21) 0.70 + 0.07 (n = 24) 


Umbilical vein/ 0.30 + 0.02 0.70 + 0.06 


maternal vein 





* Values are means + SE. 


roprocaine was detected in eight of 50 maternal sam- 
ples 5 minutes after injection of local anesthetics, in 
two of 30 maternal samples at time of delivery, in 
three of 25 umbilical venous samples, and in two of 
22 umbilical arterial samples. The fetal-to-maternal 
ratio of plasma levels of 2-chloroprocaine was 0.83 in 
the samples with detectable levels. 


Effects on Newborn 


There was no significant difference between. the 
incidence of low 1- and 5-minute Apgar scores among 
the three groups (Table 4). 


Cord Acid-Base Status 


Neonatal acid-base status remained within normal 
limits in the three groups (Table 5). 


Early Neonatal Neurobehavioral Scores 


The results of the neurobehavioral scores of the 
three groups of neonates whose mothers received 
epidural analgesia and the neonates of the control 
group whose mothers did not receive any anesthesia 
are presented in Tables 6 and 7. The latter group was 
comparable to the other three groups in regard to 
maternal age, parity, height, weight, and infants’ ges- 
tational age, weight, and Apgar scores. ENNS was 
determined only in babies whose mothers had normal 


TABLE 3 


Mean Maternal and Fetal 2-Chloroprocaine Plasma 
Concentrations 


No. of sam- 


Total no. of 2-Chioropro- 
ples with de- , . 
samples tectable levels caine levels 
ng/ml 
Maternal vein 
5 min after 50 8 10.0 + 1.6 
injection 
At delivery 30 2 12.05 4 1.7 
Umbilical vein 25 3 10.0 £1.8 
Umbilical artery 22 2 9.1 + 3.8 
Umbilical vein/ 0.83 
maternal vein 
* Values are means + SE. 
TABLE 4 
Neonates with Low Apgar Scores* 
Group | Group fl Group Ill 
Apgar Score bupivacaine 2-chloroprocaine lidocaine 
{n = 50) (n = 50) (n = §0) 
1 min 7 9 6 
5 min 1 0 © 


* No significant difference between groups by chi-square. 
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2-Chloropro- 


Bupivacaine came Lidocaine 
Umbilical vein 
No. 32 34 38 
pH 7.34 + 0.01 7.32 £ 0.01 7.33 + 0.01 
Po, (torr) 30.9 + 1.4 29.4 + 1.2 29.0 + 0.8 
Poco, (torr) 35.7 + 1.1 35.9410 36.5 + 1.5 
Base excess 6.5 + 0.5 6.6 + 0.5 6.2 + 0.4 - 
(meq/L) 
Umbilical artery 
No. 31 32 39 
pH 7.26 +0.01 7.23 +0.02 7.25 0.01 
Po, (torr) 19.8 +40.9 19.0 0.9 20.3 t 0.8 
Pco, (torr) 42.1 +18 47.1418 43.6241.8 
Base excess 7.0 + 0.8 7.0 £ 0.8 7.9 + 0.6 
{meq/L) 


* Values are means + SE. No significant difference between 
groups by Student's t-test. 


spontaneous or low forcep deliveries regardless of 
whether the mothers had epidural anesthesia or no 
anesthesia. There were no significant differences in 
ENNS among the three local anesthetic groups, nor 
did any of these groups score lower than the control 
group in any of the variables of the test. 


Discussion 


One of the important findings of the present study 
is the lack of adverse neurobehavioral effects of lid- 
ocaine on the newborn. Our findings differ from 
those reported by Scanlon et al (21), who found that 
infants whose mothers received epidural anesthesia 
with either lidocaine or mepivacaine scored less well 
in tests designed to assess muscle strength and tone 
than did infants delivered without epidural anesthe- 
sia. The relatively small dose of lidocaine used in our 
study (240 + 17 mg) might have been a factor ac- 
counting for the observed difference in the results of 
the two studies. We found that giving a small volume 
and a low concentration of the local anesthetics and 
giving them only when needed, provided adequate 
analgesia without impairing the ability of the partu- 
rients to push during the second stage. 

Maternal and fetal plasma levels of local anesthetics 
found in the present study and in Scanlon’s study are 
shown in Table 8. These results show no significant 
differences for the local anesthetic plasma levels in 
the two studies. 

Another important finding of the present study was 
the high incidence of late deceleration fetal heart 
patterns associated with bupivacaine epidural anes- 
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TABLE 6 

Percentage of Neonates (at Ages 2 and 24 Hours) with High 
Neurobehavioral Scores after Lumbar Epidural Anesthesia 
with Bupivacaine, 2-Chloroprocaine, or Lidocaine* 


Bupiva- 2-Chloropro- Lidocaine Control 
caine caine (n= 21) (n= 20) 
(n = 20) (n = 15) 
% 
Alertness 
2 75 53 67 79 
24 100 73 90 95 
General 
assessment 
2 99 87 86 100 
24 100 100 95 8&5 
State 
2 65§ 53¢ 34 10 
24 78t 87§ 71t 30 
Pull to sit 
2 60 60 62 90 
24 83 80 81 95 
Arm recoil 
2 70 73 78 55 
24 78 73 76 85 
Truncal tone 
2 65 60 67 60 
24 83 80 86 85 
Body tone 
2 80 73 76 85 
24 94 87 86 100 
Rooting 
2 15 40 38 25 
24 33 53 57 35 
Sucking 
2 65 87+ 81+ 35 
24 89 89 76 70 
Moro 
2 75 60 86 55 
24 89 67 71 70 
Placing 
2 75 60 71 80 
24 78 80 86 85 


* Statistical significance between control and bupivacaine is indicated 
after bupivacaine, between control and 2-chloroprocaine after 2-chloro- 
procaine, and between control and lidocaine after lidocaine. 

tp<0.01. 

tp < 0.025. 

§ p < 0.005 by chi-square. 


thesia. Changes in FHR and neonatal acid-base bal- 
ance after epidural anesthesia have been described by 
other investigators (24-28), but the etiology of these 
changes remains undefined. Changes in FHR could 
be due to inadequate uterine blood flow as these 
patterns disappeared after repositioning the patient 
and administration of oxygen and intravenous fluids. 
Direct toxic effects of the local anesthetics, including 
myocardial depression, could also be a contributing 
cause. Bupivacaine has achieved popularity in obstet- 
rics in part because of its long duration of action and 
high degree of protein binding which has been said 
to limit its placental transfer. However, recent evi- 
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dence (H. O. Morishima and M. Finster, personal 
communication, 1975) comparing lidocaine, bupiva- 
caine, and etidocaine in guinea pigs suggests that the 
lower fetal blood levels may be due to higher fetal 
tissue uptake rather than a reduced transfer across the 
placenta. In their study, uptake of bupivacaine into 
fetal myocardium, brain, and liver was substantially 
greater than that of lidocaine. This was due to the fact 
that bupivacaine is 10 times more soluble in lipids 
than is lidocaine. Higher protein binding of bupiva- 
caine (protein binding of bupivacaine in guinea pigs 
is similar to that in humans) failed to limit its placental 
transfer and the relatively low fetal blood level of this 
drug can be explained on the basis of greater tissue 
uptake. However, it is unlikely that the deceleration 
patterns observed in the present study were due to 
direct toxic effect as they were so brief in duration. 
Although uterine hypertonus has been suggested as 
a cause of bradycardia occurring during paracervical 


TABLE 7 

Percentage of Neonates (at Ages 2 and 24 Hours) with 
Response Decrements after Delivery Using Lumbar Epidural 
Anesthesia with Bupivacaine, 2-Chloroprocaine, or 
Lidocaine* 





Bupiva- é-Chloro- Lido- Control 
caine procaine caine (n = 20) 
{n = 20) (n=15) (n = 21) 
% 
Pin prick decrement 
2 89 100 52 100 
24 100 100 71 100 
Sound decrement 
2 95 100 100 90 
24 83 100 190 100 
Light decrement 
2 95 100 190 99 
24 94 100 100 90 
Moro decrement 
2 100 100 190 100 
24 100 100 1900 100 





* No significant difference between four groups by chi-square. 


block, in our series we found no increase in uterine 
activity during epidural anesthesia. Another possible 
explanation for changes in FHR is uterine artery 
vasoconstriction which has been shown to reduce 
significantly uterine blood flow out of proportion to 
any increase in uterine activity in both human subjects 
and experimental animals (29-31). This may occur 
without any appreciable decrease in systemic blood 
pressure. An alternate hypothesis suggests that um- 
bilical arterial spasm may result in a reflexly induced 
variable deceleration. Morishima et al (32), have dem- 
onstrated reduced umbilical blood flow in acidotic 
fetal sheep after intravenous local anesthetics were 
given to the mother, possibly evidence of umbilical 
arterial spasm. Unfortunately, in our study we did not 
monitor fetal electrocardiograms, which would have 
been helpful to define whether the mechanism is due 
to hypoxia or due to a direct effect of local anesthetics 
on the fetal myocardium. Freeman and associates (33) 
evaluated fetal heart rate and fetal electrocardiogram 
changes following paracervical block. The fetal elec- 
trocardiogram changes during the bradycardia pat- 
terns after paracervical block more closely resembled 
changes consistent with hypoxia than with direct toxic 
effect on the fetal myocardium. 

In the present study, all the above etiologic factors 
could be incriminated in the changes in fetal heart 
rates that we observed. Whatever the mechanism of 
these patterns might have been, neonatal outcome 
was invariably good. However, in this study we only 
studied parturients with no medical or obstetric com- 
plications. In cases of compromised or borderline 
uteroplacental function, the lowest possible effective 
dosage of local anesthetics should be utilized for 
epidural anesthesia and injections should be ade- 
quately spaced to avoid excessive increases in mater- 
nal and fetal blocd levels of the local anesthetics. 
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TABLE 8 
Plasma Concentrations of Local Anesthetic at Time of Delivery in Present Study and in Studies of Scanion et al* 
Bupivacaine Lidocaine 
Abboud et al Scanlon et al (23) Abboud et al Scanion et al (21) 
(n = 20) (n = 20) (n = 21) {n = 9) 
pg/ml 
Maternal vein 0.31 + 0.07 0.41 + 0.05 1.19 + 0.10 — 
Umbilical vein 0.11 + 0.03 0.11 + 0.02 0.68 + 0.06 — 
Umbilical artery 0.15 + 0.09 0.10 + 0.01 0.56 + 0.10 0.48 
Umbilical vein /maternal vein 0.31 + 0.02 0.27 + 0.01 0.63 + 0.06 — 


* Values are means + SE. No significant difference between local anesthetic plasma levels in the two studies by Student's t-test. 
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RALSTON, S. H., BABBS, C. F., NIEBAUER, M. J.: Cardiopulmonary resuscitation with interposed abdominal compression 
in dogs. Anesth Analg 1982;61:645~-51. 


This study was conducted to evaluate the hemodynamic effectiveness of a new modification of cardiopulmonary 
resuscitation (CPR), termed interposed abdominal compression-CPR (IAC-CPR). IAC-CPR utilizes all the steps of 
standard CPR with the addition of abdominal compressions interposed during the release phase of chest compression. 
Ventricular fibrillation was induced electrically in 10 anesthetized dogs, and either IAC-CPR or standard CPR was 
initiated while arterial and venous blood pressures and cardiac output were monitored. The two CPR methods were 
alternated every 3 minutes over a period of 30 minutes. The addition of interposed abdominal compressions to 
standard CPR improved arterial pressures and perfusion in 10 of 10 dogs. Brachial arterial blood pressure averaged 
87/32 mm Hg during I[AC-CPR vs 58/16 mm Hg during standard CPR. Cardiac output (+SE) averaged 24.2 + 5.7 
mi/min/kg during IAC-CPR vs 13.8 + 2.6 ml/min/kg during standard CPR. IAC-CPR requires no extra mechanical 
equipment, and, if proven effective in human trials, may improve resuscitation success in the field and in the hospital. 


Key Words: VENTILATION: resuscitation; HEART: resuscitation; COMPLICATIONS: cardiac arrest, resuscitation. 


ECENTLY several modifications of cardiopul- 
monary resuscitation (CPR) that generate im- 
proved blood flow compared with standard CPR (1), 
have been discovered in the laboratory and tested on 
a limited basis in the clinic. Improvements in blood 
pressures and blood flows during experimental CPR 
have, for example, been reported with increased du- 
ration of chest compression (2, 3), with simultaneous 
chest compression and ventilation at high airway 
pressure (4-6), with negative diastolic airway pressure 
(7), and with abdominal binding (8). These studies 
leave little doubt that improved blood flow is possible 
during CPR, and they provide valuable insights into 
mechanisms that generate blood flow during CPR (9). 
However, because special mechanical equipment is 
necessary, techniques such as simultaneous chest 
compression and ventilation at high airway pressure 
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or application of negative diastolic airway pressure 
constitute advanced life-support techniques not ap- 
plicable to field resuscitation by basic rescuers or to 
initial attempts at resuscitation in the hospital. Manual 
versions of CPR with simultaneous compression and 
ventilation have been developed and tested by Red- 
ding et al (10) and by Gordon and co-workers (11), 
but were not recommended as significantly better 
than standard CPR. 

This report describes animal studies of a new form 
of modified CPR which seems applicable to basic life 
support. It can be performed by two or three rescuers 
with no equipment other than their bare hands. It 
includes all the procedures of standard CPR and so 
constitutes an evolution rather than a revolution in 
technique. We have termed this modification inter- 
posed abdominal compression-CPR (IAC-CPR). 


TAC-CPR 


This technique involves standard ventilation and 
chest compression with the addition of abdominal 
compressions interposed between chest compres- 
sions. The method was discovered by one of us 
(S.H.R.) serendipitously during a difficult resuscita- 
tion in the animal laboratory. CPR is performed ex- 
actly as recommended in current American Heart 
Association standards (1), and in addition the abdo- 
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men is compressed alternately or reciprocally as chest 
compression is released. This technique of abdominal 
counterpulsation necessarily would require two or 
three rescuers, as shown in Fig 1. 

Having observed significantly improved arterial 
blood pressure during the chance discovery of IAC- 
CPR as compared with standard CPR, we conducted 
the following research to determine whether arterial 
pressures and cardiac output were consistently im- 
proved by the addition of alternate abdominal com- 
pressions to the mechanics of standard CPR. 


Methods 


To compare blood flow generated by IAC-CPR 
with that generated by standard CPR, we measured 
cardiac output during alternate 3-minute trials of the 
two techniques in animals during electrically induced 
ventricular fibrillation, using a modified indicator 
dilution-modified technique adapted to the low flow 
conditions of CPR. We compared IAC-CPR and stan- 
dard CPR in both large and small mongrel dogs, as 
the size of animals studied may substantially influ- 
ence the outcome of CPR experiments (6). 

Ten mongrel dogs were selected for the study. The 
five large dogs weighed 15 to 26 kg (mean 18.9 kg), 





Fia 1. Artist's conception of basic rescuers performing IAC- 
CPR. For clarity, rescuers are shown on the same side of the 
victim. Top, with two rescuers, the first compresses chest and 
ventilates while the second compresses abdomen. Bottom, with 
three rescuers, ventilation, chest compression, and abdominal 
compression are each performed by a single individual. 
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had dorsal-ventral chest diameters ranging from 21 to 
25 cm {mean 23 cm) at the level of the heart, and chest 
circumferences of 57 to 61 cm (mean 60 cm). The five 
small dogs weighed 9 to 13 kg (mean 11.6 kg), had 
dorsal-ventral chest diameters ranging from 16 to 21 
cm (mean 19 cm) at the level of the heart, and chest 
circumferences of 45 to 53 cm (mean 49 cm). 

The dogs had free access to food and water before 
anesthesia. Each animal was anesthetized with pen- 
tobarbital sodium (30 mg/kg IV). The trachea was 
intubated with the largest possible cuffed tracheal 
tube. The following catheters were inserted: (a) a 
pigtail catheter was advanced into the left ventricle 
via a femoral artery for injection of indicator to meas- 
ure cardiac output, (b) a 40-cm long, 0.1-cm i.d. 
catheter was advanced to the thoracic aorta and at- 
tached to a motor-driven syringe for withdrawal of 
blood during inscription of dilution curves, (c) a 
catheter to monitor arterial pressure was advanced 5 
to 10 cm into the right brachial artery, (d) a catheter 
to monitor central venous pressure was advanced via 
the left femoral vein into the right atrium. The cath- 
eters used for arterial and venous pressure monitoring 
were connected to matched Statham pressure trans- 
ducers. Heparin (1 mg/kg IV) was given to retard clot 
formation in the catheters, to permit reinfusion of 
blood withdrawn during inscription of dilution 
curves, and to diminish intravascular coagulation dur- 
ing CPR. 

The animal was placed in dorsal recumbency on a 
V-shaped board with the limbs securely tied to the 
board to prevent lateral motion of the chest during 
CPR. A Thumper mechanical resuscitator (Michigan 
Instruments, Inc., Grand Rapids, MI) was used for 
chest compression and ventilation. Subcutaneous 
electrodes for recording the electrocardiogram (lead 
II) were secured in place, and wire mesh electrodes 
for sternal-to-back defibrillation were applied to the 
shaved skin of these regions with electrolytic gel. The 
V-shaped, 20x20-cm back electrode for defibrillation 
conformed to the animal board, and the wire mesh of 
the sternal electrode was molded to the chest com- 
pression pad of the Thumper. The chest compression 
pad was rectangular in shape and 6x10 cm in dimen- 
sion. 

The pad used for abdominal compression was a 
standard 12-cm width blood pressure cuff folded to 
rectangular dimensions of 12x15 cm and inflated with 
air to a thickness of 3 cm. The bladder of the cuff was 
attached via the filling hose to an aneroid manometer 
and to a linear core pressure transducer in order to 
monitor pressure applied to the abdomen. IAC-CPR 
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was performed by manual compression of the mid- 
abdomen with this inflated pad in a way that gener- 
ated pressure pulses of 120 to 150 mm Hg. The duty 
cycle of abdominal compression was complementary 
to that of chest compression i.e., 50% of cycle time 
(0.5-second abdominal compression duration). The 
position of the hands for abdominal compression was 
similar to that used in basic CPR for manual chest 
compression except that the fingers were spread to 
provide a larger surface area of compression approx- 
imately equal to that of the flattened blood pressure 
cuff. 


Physiologic Monitoring 


A five-channel graphic record was inscribed using 
a Physiograph direct-inking recorder (Narco Bio-Sys- 
tems, Houston, TX). Channels 1, 2, 3, and 4 displayed 
the electrocardiogram, arterial blood pressure, venous 
blood pressure, and abdominal compression pressure, 
respectively. Pressure channels were calibrated and 
their linearity was confirmed using a mercury ma- 
nometer. 

Channel 5 of the graphic record displayed indicator 
dilution curves for measurement of cardiac output by 
the saline-conductivity method (12), specially modi- 
fied for the low flow conditions of CPR (13). This 
method uses 5% NaCl solution as the indicator and a 
calibrated, flow-through conductivity cell as the de- 
tector. Its accuracy has been confirmed by comparison 
with the direct Fick method under conditions of CPR 
(14). Aliquots (2 ml) of 5% saline indicator were 
injected forcibly into the left ventricle and blood 
samples were withdrawn through the detector via the 
catheter placed in the thoracic aorta. This injection- 
sampling configuration permits mixing of indicator in 
blood during CPR adequate for accurate measure- 
ments of cardiac output (13). 


Experimental CPR 


After control measurements of blood pressure and 
cardiac output were obtained, a single episode of 
ventricular fibrillation was produced by 60 Hz elec- 
trical stimulation of the left ventricular endocardium. 
A fine, 0.1-mm, stainless steel wire threaded through 
the lumen of the left ventricular catheter carried elec- 
tric current to the heart for this purpose. Immediately 
after electrocardiographic confirmation of fibrillation, 
ventilation and chest compression were initiated using 
the Thumper driven with 100% oxygen at 60 psi. This 
device provided standard CPR continuously through- 
out the experiment. 


The technique of abdominal compression was 
added to the CPR provided by the Thumper during 
alternate 3-minute intervals. Five 3-minute trials of 
IAC-CPR and five 3-minute trials of standard CPR 
were evaluated alternately in the same animal during 
one continuous episode of ventricular fibrillation. In 
half of the dogs IAC-CPR was started first and in half 
of the dogs standard CPR was started first. After a 
30-second recording of pulsatile blood pressures for 
a given mode of CPR, dilution curves were obtained. 
Then the mode of CPR was changed and the process 
repeated. In this sense, each animal served as its own 
control. 

During both standard CPR and IAC-CPR, the ven- 
tilation pressure was 20 cm H2O, the ventilation du- 
ration was 0.5 second, and ventilations were inter- 
posed after every fifth chest compression. The chest 
compression force, 40 to 80 Ib for small dogs and 60 
to 120 Ib for large dogs, was selected to produce 
approximately equal sternal displacement as a per- 
centage of dorsal-ventral chest diameter (mean 25%) 
in the two groups of dogs. In each dog the same force 
of chest compressions was maintained for both stan- 
dard and IAC-CPR. In both standard and IAC-CPR 
the compression rate was 60/min, and the duty cycle 
of compression was 50% of cycle time (compression 
duration = 0.5 second). 


Postresuscitation Protocol 


After the 10 consecutive trials of standard and 
experimental CPR, electrical shock was applied to 
defibrillate the ventricles. If necessary, intracardiac 
epinephrine was given via the left ventricular catheter 
to promote recovery of the circulation. After recovery 
of the circulation the animal was monitored for 30 
minutes to determine whether any lethal complica- 
tions of the experiment had occurred. Then the animal 
was killed by ventricular fibrillation without resusci- 
tative measures and a thorough gross postmortem 
examination was performed. Special attention was 
given to identification of possible trauma to the ab- 
dominal viscera as a result of IAC-CPR. 


Data Analysis 


To compare effects of experimental CPR, mean 
cardiac output during the five trials of standard CPR 
and the five trials of IAC-CPR was calculated for each 
animal. Student’s t-test for paired data was used to 
test the null hypcthesis that these mean values of 
cardiac output per kilogram were the same during 
IAC-CPR and standard CPR in the population of 10 
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dogs. A similar analysis was performed for measure- 
ments of brachial arterial and venous blood pressures 
and of the arteriovenous pressure difference. If nec- 
essary, a square root transformation was performed 
on the data before calculation of Student’s t statistics, 
to satisfy the assumption of approximate normality of 
the sampling distribution required for the t-test (15, 
16). 


Results 


Cardiac Output 


Cardiac output generated by IAC-CPR was greater 
than that generated by standard CPR in every animal 
(Fig 2). In Fig 2 each data point represents the mean 
of five measurements in a single dog and each symbol 
type represents a given animal. The paired differences 
in mean cardiac output for the 10 dogs are signifi- 
cantly different from zero ( p < 0.005, t= 4.79, df= 
9). If the mean cardiac output during standard CPR in 
each dog is assigned a value of 100%, the correspond- 
ing values during IAC-CPR ranged from 122% to 
372%. Within a given animal the coefficient of varia- 
tion (SD/mean) of the five cardiac output measure- 
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Fig 2. Paired observations of cardiac output during standard 
CPR (STD) and CPR with interposed abdominal compressions 
(IAC) in 10 dogs. Each data point represents meari of five trials 
in same animal. 
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ments ranged from 11% to 33% (mean 21%) during 
standard CPR and from 4% to 34% (mean 18%) during 
IAC-CPR. 


Blood Pressures 


Maximal (systolic) and minimal (diastolic) arterial 
pressures were higher during IAC-CPR than during 
standard CPR in all 10 dogs (Figs 3 and 4). The central 
diastolic arteriovenous pressure gradient, which may 
be critical for coronary perfusion, was improved dur- 
ing IAC-CPR in eight of 10 dogs (Fig 5). The sets of 
paired differences in systolic and diastolic arterial 
pressure and in the arteriovenous pressure difference 
for the 10 dogs are each significantly greater than zero 
( p < 0.01). 


Other Observations 


Abdominal counterpulsation did not cause obvious 
regurgitation of gastric contents in any of the 10 dogs, 
even though the animals had not fasted before the 
experiment. After defibrillation, seven of the 10 dogs 
survived for 30 minutes. No significant gross trauma 
to intra-abdominal organs was seen at postmortem 
examination. Serosanguinous abdominal fluid was 
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Fig 3. Paired observations of systolic brachial arterial pressure 
during standard CPR (STD) and CPR with interposed abdominal 
compressions (IAC) in 10 dogs. Each data point represents 
mean of five trials in same animal. 


aA- 


RALSTON, BABBS, AND NIEBAUER 


O 
O 


> @ > 


N Ol > ol 
O © O O 


O 





DIASTOLIC ARTERIAL PRESSURE (mmHg) 
O 


STD 


IAC 


Fic 4. Paired observations of diastolic brachial arterial pres- 
sure during standard CPR (STD) and CPR with interposed ab- 
dominal compressions (JAC) in 10 dogs. Each data point repre- 
sents mean of five trials in same animal. 


observed in three of the 10 animals and intramesen- 
teric hemorrhages were observed in one animal; such 
findings were not considered serious in these hepa- 
rinized animals. Liver laceration never occurred. 


Discussion 


The addition of interposed abdominal compression 
to standard CPR greatly improves blood pressure and 
blood flow in both the large dog and the small dog 
model of cardiopulmonary arrest. We have speculated 
that the thoracic pump mechanism for generating 
blood flow is more important in large animals, 
whereas the traditional cardiac pump mechanism is 
more important in smaller animals (6, 9). If so, one 
can conclude that IAC-CPR is effective in improving 
hemodynamics caused by either mechanism. The in- 
crease in arterial pressure during IAC-CPR is clearly 
not an artifactual transmission of pressure from the 
abdomen to the thorax, as both the diastolic arterio- 
venous pressure difference and the total blood flow 
improve. 

The improvement in arterial pressure during the 
diastolic phase (release of chest compression) and in 
central arteriovenous pressure difference during IAC- 
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Fig 5. Paired observations of central arteriovenous pressure 
difference during standard CPR (STD) and CPR with interposed 
abdominal compressions (IAC) in 10 dogs. Each data point 
represents mean of five trials in same animal. 


CPR is significant in that it is likely to enhance 
coronary perfusion. Coronary flow during standard 
CPR is reduced at least in proportion to cardiac output 
(17) and perhaps even more (18, 19), but is essential 
for return of cardiac function and survival (20). Quite 
possibly [AC-CPR offers an especially effective means 
of increasing coronary flow, both by improving total 
flow and by favorably altering the distribution of 
aortic run-off during chest recoil. 

We hypothesize that the hemodynamic effects of 
interposed abdominal compression include pump 
priming and aortic counterpulsation. Abdominal 
compression, like atrial contraction in the normally 
beating heart, may encourage blood into the main 
pumping chamber, which during CPR may include 
the thorax as a whole, the cardiac ventricles, or both 
(9). Moreover, diastolic abdominal pressurization 
must, to some degree, improve the distribution of 
blood flow, favoring the brain and the heart as com- 
pared with kidneys, intestines, and lower extremities. 
To the extent that aortic counterpressure occurs, the 
effect is similar to surgical cross-clamping of the aorta 
in an extreme hemodynamic emergency. However, 
total cardiac output is dramatically increased by al- 
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ternate abdominal compression, suggesting an equally 
important effect of IAC-CPR on the abdominal ve- 
nous vasculature. 

Previously, Harris and associates (21) found that 
continuous manual compression of the abdomen in- 
creased carotid flow by two thirds, a degree of flow 
augmentation similar to that in the present study. 
However, these authors did not recommend manual 
compression of the upper abdomen during CPR be- 
cause lacerations of the liver were noted in two of six 
dogs. In 1971, Redding (22) demonstrated improved 
carotid arterial flow and survival in experimental CPR 
with cuntinuous abdominal compression by a blood 
pressure cuff secured around the mid-abdomen, while 
observing no greater incidence of liver damage during 
CPR with continuous abdominal binding than in sim- 
ilarly resuscitated animals without abdominal bind- 
ing. Recently Bircher, Safar, and Stewart (23) reported 
a study of experimental CPR in dogs in which a 
pressure suit was continuously inflated around the 
legs and abdomen. They found “no major lacerations 
of the liver” in 12 dogs receiving this treatment, which 
did increase arterial pressure and carotid flow at least 
transiently. Rosborough and co-workers (24) have 
reported that synchronous abdominal compression 
and lung inflation can produce effective artificial 
cough-CPR in dogs with no evidence of visceral 
trauma. 

We suggest that the small but significant incidence 
of liver laceration with continuous abdominal binding 
is due to entrapment of the liver by the rib cage as 
the chest is compressed. However, during interposed 
as opposed to continuous abdominal compression, 
the liver is allowed to recede at the time the chest is 
compressed, so that entrapment and laceration of the 
liver is less likely. We have observed such back~and- 
forth motion of the liver and diaphragm fluoroscopi- 
cally during IAC-CPR in two dogs, using techniques 
previously described (25). Although it is certainly 
possible that excessively rough or vigorous abdominal 
compression could traumatize the liver or spleen, we 
believe that central abdominal compression over a 
large area with 120 to 150 mm Hg pressure, which is 
adequate to augment perfusion, is much less than that 
required to produce blunt trauma. 

Abdominal counterpressure during CPR did not 
cause regurgitation in the animals in this study, but 
it is fitting to mention the possibility of provoking 
regurgitation and aspiration by IAC-CPR. In our ani- 
mals a tracheal tube was securely in place, and gastric 
insufflation did not occur. Gastric distension is a 
common sequela of mouth-to-mouth ventilation in 
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humans (26), and abdominal pressure may induce 
vomiting after the stomach is distended with air (1). 
However, one may speculate that if the IAC technique 
were used consistently from the beginning of resus- 
citation, gastric distension might be entirely prevented 
by the abdominal counterpressure. In the technique 
described in this study, abdominal pressure was ap- 
plied and maintained throughout ventilation, in exact 
counterpoint to the rhythm of chest compression. 
Quite likely this technique would prevent passage of 
air into the stomach during mouth-to-mouth rescue 
breathing in man. The most probable situation in 
which interposed abdominal compressions might in- 
duce regurgitation would be if the technique were 
added after a period of conventional CPR—as might 
occur after others come’to the aid of a lone rescuer. 
As there are no good animal models for mouth-to- 
mouth ventilation, this issue will have to be settled 
by clinical experience. 

In summary, the addition of intermittent abdominal 
compression to standard CPR appears to be a simple, 
safe, and effective means of improving perfusion 
during initial resuscitative efforts. The technique ap- 
pears to be applicable to field CPR by basic rescuers 
and emergency medical personnel. It requires no extra 
mechanical equipment, and, if proven effective in 
human trials, could be easily incorporated into exist- 
ing training programs for lay rescuers and hospital 
personnel. 
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In 13 full-term primipara in active labor an initial single dose of preservative-free meperidine (100 mg) diluted in 10 m! 
of saline was injected epidurally (L2-3). In another 13 full-term parturients in active labor, 10 mi of bupivacaine 0.25% 
was used. Pain was scored by the linear analog scale. Onset of analgesia was 5.3 + 2.8 minutes following 
administration of meperidine, and 12.9 + 6.9 minutes following bupivacaine (p < 0.01). Pain score decreased to 0 in 
12 of 13 patients following meperidine administration and in six of 13 patients following bupivacaine (p < 0.01). 
Satisfactory analgesia lasted 160.8 + 90.3 minutes following meperidine, and 103.5 + 42 minutes following 
bupivacaine administration (p < 0.01). Subsequent supplementation by intermittent doses of 10 ml of bupivacaine 
0.25% was more effective and less frequent following meperidine than following bupivacaine administration. Maternal 
sedation, nausea, and itching occurred frequently following administration of epidural meperidine, whereas hypoten- 
sion, numbness, and motor dysfunction followed bupivacaine. In neither group was significant respiratory depression 
observed. All parturients delivered vaginally, 288 + 212.6 minutes following meperidine and 348 + 195.8 minutes 
following bupivacaine administration (p > 0.05); the neonates showed normal Apgar scores and neurobehavioral 
responses. Epidural meperidine, supplemented by subsequent bupivacaine as indicated, provides maternal sedation 
and satisfactory analgesia, and it diminishes the requirements of bupivacaine supplementation. The technique is 
advantageous in the parturient primipara. 


NTRATHECAL injection of morphine has been 

shown to produce long-lasting obstetric analgesia 
in the parturient primipara (1). In contrast, epidural 
morphine has failed to relieve labor pain (2, 3). This 
has been attributed to the increased vascularity of the 
epidural space in pregnancy which may result in rapid 
systemic absorption of the epidurally injected mor- 
phine (2). Meperidine, being more lipophilic than the 
hydrophilic morphine (4), can diffuse readily across 
the dura into the subarachnoid space (5) and hence 
may be successful in providing analgesia in the par- 
turient (6, 7). 

In the present clinical trial, we investigated the 
obstetric analgesic effect of epidural meperidine-bu- 
pivacaine sequence in a group of parturient primi- 
paras, and compared the analgesic effect with that 
achieved in patients managed bv epidural bupivacaine 
alone. We also compared the progress of labor in the 
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two groups, and report the side effects on both the 
mother and the newborn. 


Methods and Materials 


This investigation was approved by the Human 
Studies Committee. The protocol was explained to 
each participating parturient and her informed con- 
sent was obtained. Observations were carried out on 
26 full-term primiparous women. All parturients were 
admitted to the delivery suite in active labor and all 
had cephalic presentations. An intravenous infusion 
of lactated Ringer’s solution was started. When the 
cervix was fully effaced and 4 cm dilated, parturients 
were positioned in the left lateral position and a 17- 
gauge Tuohy needle was inserted in the second lum- 
bar interspace. An epidural catheter was then 
threaded for 3 to 5 cm within the epidural space. 

In 13 parturients whose ages ranged from 18 to 24 
years (mean = 20 years, SD = 2.5), epidural meperi- 
dine followed by subsequent injection of bupivacaine 
as indicated was used, whereas the other 13 partu- 
rients, whose ages ranged from 17 to 25 years (mean 
= 21 years, SD = 1.9), served as a control group 
receiving bupivacaine only. In patients given meper- 
idine, an initial single dose of preservative-free me- 


aq 


BARAKA, MAKTABI, AND NOUEIHID 


peridine, 100 mg, diluted in 10 ml of preservative-free 
normal saline, was injected epidurally. The control 
group received 10 ml of plain bupivacaine 0.25%. 
Following epidural injection of either solution, the 
parturient was positioned in a 30° head-up tilt for 30 
minutes and was then encouraged to lie in the left 
lateral position. In both groups, analgesia was subse- 
quently supplemented by intermittent doses of 10 ml 
of bupivacaine 0.25%. 

Continuous recording of uterine contractions and 
fetal heart rate was obtained throughout labor using 
a Hewlett-Packard cardiotocograph. The following 
were observed and recorded. 


Obstetric Analgesia 


Pain was scored according to the visual linear ana- 
log (8), which has been suggested as a reliable method 
of evaluating severe pain such as that of labor (1, 8). 
The base line labor pain intensity was scored before 
the epidural injection. After epidural administration 
of meperidine or bupivacaine, the pain score was 
assessed with every uterine contraction. The onset 
time of analgesia was defined as the time from epi- 
dural injection until the first nonpainful contraction, 
whereas the duration of analgesia was defined as the 
time from the epidural injection until the parturient 
requested further pain relief. 


Progress of Labor 


Progress of labor was monitored by continuous 
external cardiotocography and by repetitive vaginal 
determinations of cervical dilation. After full cervical 
dilation and complete descent of the presenting ver- 
tex, all parturients were delivered vaginally using 
episiotomy and low forceps extraction. 

Fetal heart rate was continuously monitored exter- 
nally by the Hewlett-Packard cardiotocograph. At 
birth, the neonates were assessed by the use of the 
Apgar score. In the nursery, a neurobehavioral as- 
sessment (9) was made 6 to 12 hours after delivery by 
a neonatologist who was unaware of the anesthetic 
management. The following variables were scored: 
resistance against passive motion, rooting, sucking, 
Moro response, habituation to light, placing, and 
altertness. The neurobehavioral response was scored 
as absent, weak, or normal. 


Maternal Side Effects 


Maternal sensory (pinprick sensation), motor (re- 
flexes and motor power), and autonomic (blood pres- 


sure and pulse rate) function, as well as respiratory 
rate, were recorded at 5-minute intervals following 
each epidural injection. Also, the occurrence of other 
side effects such as somnolence, nausea, and itching 
were recorded and rated as absent, mild, moderate, 
or severe. 

Student’s t-test was applied to compare data related 
to analgesia and progress of labor; p:< 0.05 was 
considered statistically significant. 


Results 


Obstetric Analgesia 


In all parturients, epidural injection was performed 
when the cervix was fully effaced and 4 cm dilated. 
The mean time of onset of analgesia was 5.3 minutes 
(SD = 2.8) in patients given meperidine, and 12.9 
minutes (SD = 6.9) in patients given bupivacaine (p 
< 0.01). Twelve of the 13 parturients receiving me- 
peridine had zero pain scores, whereas only six of the 
13 receiving bupivacaine reached zero scores (p < 
0.01). The mean duration of analgesia was 160 min- 
utes (SD = 90.3) following meperidine, and 103 min- 
utes (SD = 42) following bupivacaine administration 
(p < 0.01). In Fig 1 the mean pain scores versus time 
following the epidural administration of meperidine 
and bupivacaine are compared. 

In both groups of parturients, analgesia was sub- 
sequently supplemented by intermittent doses of 10 
ml of bupivacaine 0.25%. Following meperidine, one 
to four supplementary doses (mean 2.38 doses, SD 
= 1.0) were required. On the other hand, following 
bupivacaine 4.5 doses (SD = 1.2), including the initial 
dose, were required (p < 0.001); three parturients of 
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Fig 1. Mean pain score (+SD) versus time in two groups of 
parturients. Zero time denotes time of epidural injection of 
meperidine or bupivacaine. 
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this group developed tachyphylaxis following the re- 
peated administration of bupivacaine. 


Progress of Labor 


There was no significant difference in the progress 
of labor in the two groups. Full cervical dilation up to 
10 cm was reached within a mean time of 229 minutes 
(SD = 201) in patients given meperidine, and 284 
minutes (SD = 178.8) in those given bupivacaine (p 
> 0.05). Mean cervical dilation as a function of time 
in the two groups of parturients is depicted in Fig 2. 
The mean duration of the second stage of labor (i.e., 
time between full cervical dilation and delivery) was 
58.8 minutes (SD = 43.4) when meperidine was in- 
jected, and 66.1 minutes (SD = 42.4) when bupiva- 
caine was used (p > 0.05). 


Newborn Side Effects 


External monitoring of the fetal heart rate by car- 
diotocography showed a normal pattern with no loss 
of beat-to-beat variability in any case, except for one 
fetus in the meperidine group who showed transient 
late deceleration. At birth, newborns of both groups 
cried immediately and had Apgar scores of 7 to 9 at 
1 minute and 8 to 10 at 5 minutes, In the nursery, all 
newborns showed a normal neurobehavioral re- 
sponse. 


Maternal Side Effects 


Following epidural meperidine, none of the partu- 
rients had any alteration in the motor power or re- 
flexes, whereas pinprick testing showed patchy hy- 
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Fie 2. Mean (+SD) cervical dilation versus time in two groups 
of parturients. Zero time denotes time of epidural injection of 
meperidine or bupivacaine. 
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poalgesia. On the other hand, epidural bupivacaine 
always resulted in numbness, motor weakness, de- 
creased motor reflexes, and marked decrease of pin- 
prick sensation to a level ranging between T8 and 
T11. Stable pulse rates and blood pressures were 
observed in all parturients given meperidine, whereas 
two of the patients given bupivacaine developed hy- 
potension and bradycardia that required treatment. 

Systemic maternal side effects were observed with- 
out asking leading questions. Following meperidine 
administration, all parturients became sedated and 
sleepy. Itching was observed in seven parturients but 
was always mild, transient, and localized to the nose 
and face. Also, nausea occurred in three parturients, 
whereas nausea associated with occasional vomiting 
occurred in another five cases. Following bupivacaine 
administration, only two parturients became sleepy, 
vomiting occurred in four parturients, and shivering 
was observed in six parturients. 

In neither group was significant respiratory depres- 
sion clinically observed. Resiratory rate ranged be- 
tween 18 to 25 breaths per minute before epidural 
injection, and was only decreased to 16 breaths per 
minute in three parturients given meperidine. Mater- 
nal side effects in the two groups are compared in the 
Table. 


Discussion 


Intrathecal injection of morphine has been shown 
to produce selective obstetric analgesia in the partu- 
rient primipara without motor or autonomic side ef- 
fects (1). This has been attributed to the action of 
morphine on the opiate receptors located in the sub- 
stantia gelatinosa of the dorsal horn of the spinal cord 
(10). Morphine, which is hydrophilic, has a low lipid 
partition coefficient (4), hence it slowly reaches the 
receptor sites, resulting in a delayed onset of analge- 
sia. The hydrophilic character of morphine may also 
explain its retention in the spinal cord and its slow 


TABLE 
Side Effects Observed in Two Groups of Parturients 
Meperi- Bupiva- 
Side effects dine caine 


(N= 13) (N = 13) 


Somnolence 13 2 <0.001 
Nausea or vomiting 8 4 >0.05 
Itching T 0 <0.001 
Shivering 0 6 <0.01 
Slowing of respiratory rate 3 0 >0.05 
Hypotension 0 2 >0.05 
Numbness and heaviness of 0 13 <0.001 
limbs 
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release into the systemic circulation resulting in a 
prolonged effect (1). 

In contrast with the effective and long-lasting ob- 
stetric analgesia achieved by intrathecal morphine (1), 
epidural morphine fails to relieve labor pain (2, 3). 
This has been attributed to the increased vascularity 
of the epidural space in the parturient which may 
result in rapid absorption into the systemic circulation 
of the epidurally injected morphine so that effective 
concentrations of morphine in the cerebrospinal fluid 
(CSF) are not reached (2). Meperidine, being much 
more lipophilic than morphine (4), diffuses readily 
across the dura into CSF (5). This can explain the 
effective analgesia that followed epidural injection of 
meperidine in our parturient primipara. The lipophilic 
character of meperidine can also explain the rapid 
onset and relatively short duration of the resulting 
analgesia. 

Similar to our experience with intrathecal morphine 
(1), epidural meperidine, although it relieves the vis- 
ceral type of labor pain, fails to block completely 
pinprick sensation and similar sharp localized pain 
such as that induced by episiotomy or by stretching 
of the vulva and perineum. Morphine or its analogs 
are powerful suppressors of visceral pain and have 
little or no effect on pricking sensation (11). In addi- 
tion to a selective spinal action, epidural meperidine 


may also produce analgesia secondary to systemic 


absorption, and by nerve conduction, block due to its 
local anesthetic property (7). 

The analgesic effect of meperidine in our partu- 
rients was associated with a high incidence of som- 
nolence, nausea, and itching. These side effects can 
be explained by systemic absorption of the epidurally 
injected meperidine. Systemic absorption of epidural 
meperidine occurs readily in the parturients (7) and 
can thus not only supplement its spinal analgesic 
effect, but also contribute to its side effects. The 
somnolence, nausea, and itching following epidural 
meperidine may be also attributed to its transdural 
spread into the subarachnoid space and subsequent 
cephalad spread within the CSF by passive diffusion 
along a concentration gradient effect to the fourth 
ventricle and its surrounding brain tissues. Supraspi- 
nal spread, however, is probably more important with 
the hydrophilic morphine than with the lipophilic 
meperidine (12). The CSF concentrations of highly 
lipid-soluble compounds rapidly decrease below ef- 
fective levels because of rapid absorption onto neural 
elements and rapid elimination from the subarach- 
noid space (13). On the other hand, serious side 
effects including delayed respiratory and cardiovas- 


cular depression may follow the epidural or intrathe- 
cal administration of poorly lipid-soluble drugs such 
as morphine (12, 14), which will linger in the CSF to 
be carried wherever the flow may take them (12). 

Epidural meperidine provided our parturient pri- 
miparas with selective obstetric analgesia and seda- 
tion, without any associated numbness, heaviness of 
lower limbs, or cardiovascular changes. Also, subse- 
quent supplementation with bupivacaine was more 
effective and less frequently required than in patients 
initially given bupivacaine. In contrast with epidural 
meperidine, the onset of analgesia was delayed fol- 
lowing bupivacaine and was associated with numb- 
ness, heaviness of lower limbs, and occasional hypo- 
tension. Also, the degree of analgesia following bu- 
pivacaine 0.25% was incomplete in some parturients, 
and tachyphylaxis developed in two cases following 
the frequent use of supplementary doses. 

Because of the significant systemic absorption of 
meperidine that can follow its epidural administration 
in the parturient (7), it is advisable not to use epidural 
meperidine in repeated doses and to limit its use to 
an initial single dose followed by subsequent supple- 
mentation by small concentrations of bupivacaine. 
This may minimize the maternal side effects and any 
possible fetal depression. It also ensures adequate 
analgesia throughout the different stages of labor 
including episiotomy and forceps extraction. 

In conclusion, epidural meperidine, followed by 
bupivacaine when necessary, provides adequate ma- 
ternal sedation and selective obstetric analgesia, and 
it increases the effectiveness of bupivacaine supple- 
mentation. The technique is advantageous in the par- 
turient primipara who is usually anxious and having 
a prolonged delivery course. : 
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The distribution and elimination kinetics of alfentanil, a new short-acting analgesic, were studied in five surgical 
patients. Its behavior, following a bolus injection of 120 ug/mi, was compatible with a three-compartment open-model 
distribution. The disappearance of the drug from plasma was rapid (tr2y = 3.5 + 1.3 minutes, ta = 16.8 + 6.4 
minutes) with 96.4% of the drug eliminated from plasma in 1 hour, indicating extensive transfer to the remote 
peripheral compartment. This was followed by a slower elimination phase with a t'28 of 94 + 38 minutes. Total volume 
of distribution was 1.03 + 0.50 L/kg. Total plasma clearance was 456 + 155 ml/min. The short analgesic effect of 
this drug might be attributed to the rapid displacement of the drug from the central and intermediate compartments to 
the remote peripheral compartment. Approximately 25% of the injected dose was present in the remote peripheral 
compartment 30 to 60 minutes after alfentanil administration. As the return of drug from this peripheral to the central 
compartment is slower than the elimination rate of the drug, it could be the rate-limiting step in the elimination of 


alfentanil from the body. 


Key Words: ANALGESICS: alfentanil; PHARMACOKINETICS: alfentanil. 


ECENT PUBLICATIONS (1-3) propose the use 

of high-dose fentanyl anesthesia to suppress 
surgical stress. Although adequate depth of anesthesia 
is provided, a prolonged and recurrent respiratory 
depression may occur during the recovery period 
following anesthesia and surgery depending on the 
pharmacokinetic properties of fentanyl (4-6). The 
high-dose analgesic anesthesia technique would be 
more acceptable with potent narcotics showing a 
faster elimination from the body. 

Alfentanil (R 39209, Janssen Pharmaceutica) is a 
morphine-like analgesic with a potency and duration 
of action one third that of fentanyl and with a wide 
margin of safety (7, 8). Preliminary clinical studies in 
man (9-11) indicate that alfentanil, when adminis- 
tered for surgical anesthesia, is associated with mini- 
mal cardiovascular depression or alteration of activity 
of the autonomic nervous system and produces a 
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short-lasting respiratory depression. This study re- 
ports the pharmacokinetics of alfentanil in surgical 
patients receiving a single intravenous dose of alfen- 
tanil. 


Methods 


The experimental protocol was approved by the 
Commission for Medical Ethics of the University. 
Informed consent was obtained from five healthy 
female patients scheduled for routine general surgery. 
None had clinical or biochemical evidence of hepatic 
or renal disease. Patient data are shown in Table 1. 
Each patient was premedicated with diazepam, 10 mg, 
and atropine sulfate, 0.5 mg, intramuscularly 45 min- 
utes before anesthesia. Anesthesia was induced with 
etomidate, 0.2 mg/kg IV and maintained with nitrous 
oxide-oxygen and an inspired concentration of 0.6% 
to 1% halothane in a semiclosed circuit. Two patients - 
received a single dose of succinylcholine, 50 to 75 mg, 
to facilitate tracheal intubation. Ventilation was me- 
chanically controlled throughout the surgical proce- 
dure and adjusted to maintain arterial Paco, levels 
between 4.6 and 5.0 kPa (34.5 to 37.5 mm Hg). 
Intravenous fluids were administered at a rate of 10 
ml/kg/hr and surgical blood loss was replaced with 
equal amounts of whole blood. Alfentanil was given 
as a bolus (120 pg/kg) in 30 seconds into an antecu- 
bital vein before surgical incision at a time when 
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TABLE 1 
Data for Five Female Patients* 





Patient Age 


Height 


Alfentanil dose Operation 





yr kg cm 
1 (D.T.) 36 52 154 
2 (V.V.) 55 72 162 
3. (D.R.) 48 58 161 
4 (V.A) 33 59 159 
5 (T.M.) 43 46 150 
Av + SD 43+9 57.4 + 9.7 


157 £5 


m’ mg 
1.51 6.24 
1.84 8.64 
1.64 7.08 
1.64 7.08 
1.40 5.52 

1.61 + 0.16 6.91 + 1.17 


Thyroidectomy 
Hysterectomy 
Thyroidectomy 
Thyroidectomy 
Splenectomy 





* Abbreviation used is: BSA, body surface area. 


blood pressure, heart rate, and blood-gas values had 
stabilized following tracheal intubation. Heparinized 
arterial blood samples were withdrawn from the arm 
opposite the site of injection just before and 2, 5, 10, 
15, 30, 45, 60, 90, and 120 minutes after injection, 
then hourly for an additional 4 hours. Samples were 
immediately centrifuged and plasma aliquots were 
stored at —20°C until assay of alfentanil. 

Plasma alfentanil levels were determined by gas- 
liquid chromatography with specific thermionic de- 
tection described in detail elsewhere (12). Plasma 
levels of alfentanil from each patient were fitted to a 
three-compartment open-mamillary model using 
nonlinear least-squares regression analysis. Apparent 
volume of distribution (Vag), volume of the central 
compartment (V,), half-lives of the distribution (tza) 
and elimination (t28) phases, total plasma clearance 
(Clp), first-order rate constants for drug transfer be- 
tween compartments (ki, kei, kis, ksi), and the elim- 
ination rate constant (kio) were calculated in the usual 
manner (13). In this model, drug elimination was 
assumed to occur via the central compartment with 
first-order kinetics. 

As a first approximation, the hepatic extraction 
ratio of a drug cleared from the body solely via 
hepatic metabolism was estimated using the following 
equation: 


__, Clotooa 


E 
n On 


where Ey represents the hepatic extraction ratio, 
Clbtooa the whole blood clearance (ml/min) calculated 
as the product of plasma clearance and the plasma to 
blood concentration ratio, and Qg the hepatic blood 
flow (ml/min). 


Results 


Time Course of Plasma Concentration 


Following an intravenous bolus injection of alfen- 
tanil, there was a rapid decline of plasma concentra- 
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Fie 1. Mean plasma alfentanil concentrations in five subjects 
following 0.120 mg-kg™' intravenous injection. 


tion during the first 15 minutes. Within 60 minutes, 
96.4% of the dose was eliminated from plasma (Fig 1). 
The individual data of the patients are shown in Table 
2. In two patients a secondary increase of the plasma 
alfentanil concentration was observed at 120 minutes. 
In these patients, the blood sample was taken just 
following extubation. The plasma level data of the 
patients were fitted to a triexponential equation C,(t) 
= P.e + Ave + B.e ™ describing a three-com- 
partment open-model in which alfentanil is intro- 
duced directly into the central compartment (Fig 2). 
In Table 3 are summarized the nonlinear least-squares 
estimates for the three-compartment model parame- 
ters P, v, A, a, B, B, together with the model-derived 
pharmacokinetic parameters calculated for each pa- 
tient. The disappearance from plasma occurred rap- 
idly during the distribution phase (mean half-lives of 
3.5 + 1.3 minutes for the central compartment and 
16.8 + 6.4 minutes for the intermediate compartment). 
The slow component (elimination phase) had a mean 
half-life of 94 + 38 minutes. The time course of the 
apparent concentrations expressed as fractions of the 
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TABLE 2 


Plasma Levels of Alfentanil following Intravenous Bolus Injection of 0.120 mg-kg7' 


Patients receiving alfentanil (ng)/ milliliter of plasma 





Time 
D.T. V.V. D.R. V.A. T.M. Mean +: SD 
min ng/ml 
2 533.0 631.0 599.0 449.0 612.0 565 + 74.5 
5 398.0 476.0 339.0 360.0 423.0 399 + 53.9 
10 263.0 396.0 243.0 281.0 329.0 302 + 61.3 
15 216.0 303.0 161.0 225.0 241.0 229 + 51.1 
30 127.0 201.0 124.0 119.0 156.0 145 + 34.3 
45 81.6 171.0 74.7 82.8 118.0 106 + 40.3 
60 55.2 130.0 59.7 52.8 `. 109.0 81.3 + 35.7 
90 32.5 85.1 37.0 21.7 55.6 48.7 + 28.1 
120 21.1 105.0 28.2 29.3 35.6 43.8 + 34.6 
180 10.2 77.7 14.0 19.8 12.1 26.8 + 28.7 
240 7.55 56.5 10.9 7.87 5.56 17.7 + 21.8 
300 5.10 43.8 6.85 4.03 2.00 12.4 + 17.7 
360 3.08 ae 4.84 — <1.0 ae 
DOSE LV. Discussion 





k 
© © 13 3) 
Vo = 0.12 t/kg V2 0.22 ifkg V3 = 0.67 l/kg 
kio 


Fia 2. Three-compartment open model for alfentanil pharma- 
cokinetics. 


alfentanil dose appearing in the three compartments 
of the model is described in Fig 3. 


Tissue Accumulation and Clearance 

The mean volume of the central compartment was 
estimated at 12.3 (+ 2.3) L and the total apparent 
volume of distribution reached 1.03 (+ 0.50) L/kg. 
Mean total plasma clearance was estimated to be 456 
(+ 155) ml/min. As the alfentanil plasma to blood 
concentration ratio is 1.59 (W. Meuldermans, Janssen 
Pharmaceutica, Beerse, personal communication, 
1981), the mean total body clearance in terms of 
whole blood was 730 ml/min. The estimated hepatic 
extraction ratio for alfentanil thus yielded 0.49 assum- 
ing a mean hepatic blood flow of 1500 ml/min (14). 

One patient (V.V.) showed a lower clearance of the 
drug than did the other patients. Although this patient 
was slightly obese, the kinetic parameters still indi- 
cated rapid equilibration of the drug between the 
central and the remote peripheral compartments (ks;/ 
kıs = 0.72) and a high amount of the drug available 
for clearance in the central compartment (8/kio = 
31.2% of dose). The hepatic extraction ratio in this 
patient was estimated as 0.20, suggesting possible 
saturation of the metabolic clearance mechanism or 
liver insufficiency. 


This study investigated the distribution and elimi- 
nation of a standard alfentanil dose used in clinical 
anesthesia. An induction dose of 4.1 mg of alfentanil 
has been reported to produce unconsciousness within 
50 seconds in surgical patients (10). 

The plasma concentration decay curves in our pa- 
tients could be adequately described by a three-com- 
partment open-mamillary model. Our choice for us- 
ing a three-compartment model rather than a two- 
compartment model for the description of the time- 
dependent plasma curves for alfentanil in the group 
of patients studied is based on the fact that the 
goodness of fit, as indicated by the sum of weighted 
squares of deviation between observed and predicted 
concentration values, was significantly better for the 
three-exponential model. Significance was tested us- 
ing the F-ratio test (15). This pharmacokinetic model 
has been used previously for fentanyl (16-18) al- 
though some authors reported two-compartment 
model pharmacokinetics (19-21}. This difference in 
opinion could be related to differences in blood sam- 
pling frequency appearing in the various experimental 
protocols, 

The distribution of alfentanil is rapid as the half- 
lives of the early exponential phases (tzr and ta), 
considered to reflect distribution from the central and 
rapidly equilibrating intermediate peripheral com- 
partments, averaged 3.5 and 16.8 minutes, respec- 
tively. This is consistent with rapid penetration into 
brain tissue, manifested by the rapid onset of uncon- 
sciousness, followed by rapid displacement of the 
drug to a slower remote peripheral compartment. 

The extent of distribution is indicated by the large 
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TABLE 3 
Pharmacokinetic Parameters for Alfentanil in Individual Patients* 

Parameter (units) D.T. (52 kg) V.V. (72 kg) D.R. (58 kg) V.A. (59 kg) T.M. (46 kg) Mean + SD 
P (ng/ml) 415 387 642 139 330 383 + 181 
A (ng/m!) 269 141 161 370 168 222 + 97 
B (ng/ml) 35 188 44 109 206 116 + 79 
a (min™ '} 0.237 0.127 0.243 0.309 0.183 0.220 + 0.068 
a (mint) 0.034 0.043 0.027 0.072 0.058 0.047 + 0.018 
B (min™") 0.007 0.005 0.006 0.011 0.015 0.009 + 0.004 
toy (min) 2.9 5.5 2.9 2.2 3.8 3.5 + 1.3 
tia (min) 20.6 16.2 25.5 9.7 11.9 16.8 + 6.4 
t28 (min) 104 141 114 64 46 94 + 38 
V: (D) 11.7 11.7 9.9 16.2 11.9 12.3 + 2.3 
Vag (L) 83.9 38.4 87.7 50.4 30.3 58.1 + 26.3 
Ve (L/kq) 0.23 0.16 0.17 0.27 0.26 0.22 + 0.05 
Vas (L/kg) 1.61 0.53 1.51 0.85 0.66 1.03 + 0.50 
Plasma clearance (ml/min) 557 188 534 544 458 456 + 155 
Body clearance (ml/min-kg) 10.7 2.6 9.2 9.2 10.0 8.3 + 3.3 
Kio (min™’) 0.048 0.016 0.054 0.034 0.038 0.038 + 0.015 
k2 (min7') 0.087 0.030 0.113 0.015 0.042 0.057 + 0.041 
Ke; (min™') 0.118 0.074 0.077 0.290 0.116 0.185 + 0.089 
Kis (min™*) 0.015 0.032 0.023 0.028 0.024 0.024 + 0.007 
Ka; (min7') 0.009 0.023 0.010 0.024 0.036 0.020 + 0.011 


ALFENTANIL PHARMACOKINETICS 





* Abbreviations used are: P, 7, A, a, B, 8, three-compartment model parameters; t’4z, t’2a, t28, half-lives of distribution and 
elimination phases; Ve, volume of central compartment; Vag, volume of distribution; Kiz, K243, Kis, Kan, first order rate constants for drug 


transfer between compartments; Kio, elimination rate constant. 


** OF ALFENTANIL DOSE 





HOURS 


Fig 3. Fractions of alfentanil dose in various compartments. 1, 
Central compartment; 2, shallow compartment; 3, deep com- 
partment; EL, fraction of dose eliminated. 


total apparent volume of distribution equal to total 
body weight (Vag = 1.03 L/kg}, but much less than 
for fentanyl (16). However, the influence of the he- 
modynamic effects of anesthesia and surgery on the 
volume of distribution Vag could not be evaluated in 
our study. 
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As the binding of alfentanil to plasma proteins 
averages 92% (W. Meuldermans, Janssen Pharmaceu- 
tica, Beerse, personal communication, 1981), the ex- 
tent of distribution of alfentanil could in fact have 
been underestimated in our study. Our data indicate 
a lesser tissue accumulation of alfentanil when com- 
pared with fentanyl (16), probably related to lower 
lipid solubility and higher plasma protein binding 
(alfentanil 92%, fentanyl 84%). 

The rate of constants kiz, kz, kis, and ks; reflect 
the rate of distribution of the drug among compart- 
ments of the model. The mean ratio of ksı/kı3 of 0.83, 
reflecting drug movement between the central and 
remote peripheral compartment, suggests rapid equil- 
ibration between these compartments (Fig 3) and may 
explain the rapid decline of alfentanil plasma levels 
through extensive uptake of the drug by these tissues 
corresponding to approximately 25% of the dose (Fig 
3). The short duration of action of alfentanil might 
thus be explained by the rapid redistribution of the 
drug from the central and intermediate compartments 
to the remote peripheral compartment (ke: > kis). 
Fluctuations in plasma alfentanil levels during the 
elimination phase were observed in two patients. This 
may represent mobilization of drug tissue depots by 
increased perfusion at the time of cessation of anes- 
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thesia. Similar findings had been observed for fen- 
tanyl (20) and meperidine. The elimination rate con- 
stant kıọ was on the average 2 times greater than kg, 
the rate of return of the drug from the remote periph- 
eral compartment. The mean ratio of B/kio of 0.24 
indicates that 24% of the alfentanil in the body is in 
the central compartment available for elimination at 
any time. As the rate constant ksi was less than the 
elimination rate constant kyo, the re-uptake into 
plasma from remote peripheral tissues could be the 
rate-limiting step in the elimination of alfentanil. The 
apparent elimination half-life of alfentanil averaged 
94 minutes, also much shorter than for fentanyl (16). 
Preliminary studies have shown the metabolism of 
alfentanil to occur primarily in the liver with O- 
dealkylation and N-dealkylation as the main meta- 
bolic pathways. The metabolites of alfentanil have no 
pharmacologic activity (8). Based on findings from 
animal data showing a urinary excretion of only 1% 
of the injected dose of alfentanil in uncharged form, 
the main route of elimination thus appears to be 
hepatic clearance, which can be estimated to be 722 
ml/min. However, this assumes that the hepatic blood 
flow is not significantly decreased by the halothane- 
nitrous oxide anesthesia. As the mean duration of 
anesthesia included 2 hours of the total 6-hour test 
period, an anesthetically induced decrease in total 
hepatic blood flow could indeed diminish the esti- 
mated hepatic clearance. But even with a 30% halo- 
thane-induced reduction in total hepatic blood flow 
(22), the hepatic extraction ratio of alfentanil would 
still reach 0.70. This suggests the hepatic extraction 
ratio is only moderately influenced by changes in 
hepatic blood flow. 

In conclusion, the pharmacokinetic data are con- 
sistent with rapid distribution of alfentanil within a 
central and intermediate peripheral compartment, in- 
cluding the brain and highly perfused organs; fol- 
lowed by a displacement to a remote peripheral com- 
partment. These findings explain the rapid onset and 
short duration of action of the drug in man. Therefore, 
alfentanil is rapidly eliminated mainly by biotrans- 
formation in the liver due to efficient hepatic extrac- 
tion. 
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DATTA, S., KITZMILLER, J. L., NAULTY, J. S., OSTHEIMER, G. W., AND Weiss, J. B.: Acid-base status of diabetic mothers 
and their infants following spinal anesthesia for cesarean section. Anesth Analg 1982;61:662-5. 


Acid-base status and Apgar scores were evaluated in 10 rigidly controlled insulin-dependent diabetic mothers and 10 
healthy nondiabetic control women having spinal anesthesia for cesarean section. Dextrose-free intravenous solutions 
were used for volume expansion before induction of anesthesia, and hypotension was prevented in all cases by prompt 
treatment with ephedrine. There were no significant differences in the acid-base values between the diabetic and 
nondiabetic mothers and the infants of the diabetic and control group. Apgar scores were also similar in the two 
groups. if maternal diabetes is well controlled, if dextrose-containing solutions are not used for maternal! intravascular 
volume expansion before delivery, and if maternal hypotension is avoided, spinal anesthesia can be used safely for 
diabetic mothers having cesarean section. 


Key Words: ACID-BASE EQUILIBRIUM: neonatal; ANESTHESIA: obstetric; ANESTHETIC TECHNIQUES: spinal; 


METABOLISM: diabetes. 





REGNANCY in the diabetic patient is associated 

with increased hazard to mother and fetus. Cesar- 
ean section is frequently required in this high risk 
group. In a previous investigation (1), we noticed 
lower umbilical arterial pH values in infants of dia- 
betic mothers having spinal anesthesia for cesarean 
section than in infants whose diabetic mothers re- 
ceived general anesthesia (7.20 vs 7.28). Possible 
mechanisms suggested to explain this difference in- 
cluded: (a) The glycogen-rich placenta of diabetic 
parturients might contribute lactate to fetal blood 
under conditions of relative hypoxia, e.g., decreased 
uterine blood flow which may occur during maternal 
hypotension associated with spinal anesthesia (2). (b) 
Fetal lactic acidemia might occur due to hypoxia 
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(secondary to maternal hypotension) in presence of 
hyperglycemia following acute volume loading with 
dextrose-containing solutions (3). (c) Transplacental 
movement of insulin into fetuses of uncontrolled 
diabetic parturients may increase fetal glucose uptake, 
increase oxidative utilization of glucose by the fetus, 
and reduce fetal arterial oxygen content in the human, 
as has been demonstrated in sheep (4). 

The present study was designed to assess the effec- 
tiveness of (a) strict regulation of maternal blood 
glucose levels to maintain them between 80 and 90 
mg/dl, (b) acute intravenous volume loading imme- 
diately before the induction of spinal anesthesia with 
a dextrose-free solution, and (c) avoidance of maternal 
hypotension during anesthesia in improving the neo- 
natal acid-base values in this special group of patients. 


Methods 


Twenty parturients scheduled for elective primary 
or repeat cesarean section at term were selected at 
random. Ten were controlled insulin-dependent dia- 
betic mothers (mean preoperative fasting blood glu- 
cose level 86 + 4 mg/dl); 10 were healthy nondiabetic 
women who served as control patients. Diabetes was 


sm. 
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classified according to the criteria of White (5) (class 
B = 4, class C = 3, class D = 2, class F = 1). 

An intravenous infusion of Ringer's lactate solution 
was established and at least 1500 ml was administered 
15 to 30 minutes before induction of spinal anesthesia. 
Maternal base line blood pressure was measured after 
placing the patients in a left lateral position with a 
15° tilt using a blanket roll under the right side and 
hip to prevent aortocaval compression. All dural 
punctures were performed with the patient in the 
right lateral decubitus position. Tetracaine, 0.8 to 0.9 
ml, of a 1% solution mixed with 0.8 to 0.9 ml of a 10% 
dextrose solution, was injected through a 26-gauge 
spinal needle at the L2-3 interspace to provide spinal 
anesthesia. Left uterine displacement was accom- 
plished on placing the parturient on her back after 
injection of tetracaine by means of a blanket roll 
under her right side. Sprague (6) has demonstrated 
better distribution of a hyperbaric local anesthetic 
solution with this technique of positioning the patient 
after induction of spinal anesthesia. Bilateral sensory 
levels of T2-4 were observed in all parturients and 
were adequate for surgery in all cases. Oxygen (6 L/ 
min) was administered via face mask from the time 
of induction of spinal anesthesia until delivery of the 
baby. Maternal electrocardiograms were continuously 
monitored. Blood pressure was measured by sphyg- 
momanometry at 30-second intervals for the first 15 
minutes and every 3 minutes thereafter. Intravenous 
ephedrine was given in increments of 10 mg if and 
when a decrease of 10 torr in base line systolic pres- 
sure was detected. 

Time from the start of the injection of tetracaine to 
the completion of delivery was recorded in minutes 
and seconds as induction-delivery interval. The time 
from the first uterine incision to the delivery of the 
baby was recorded in seconds as the uterine incision- 
delivery interval. 

At delivery, samples of maternal radial arterial 
blood were collected, as well as samples of umbilical 
arterial and venous blood from a doubly clamped 
segment of umbilical cord. Blood gas tensions and pH 
values were immediately measured in each sample in 
duplicate with a Radiometer microelectrode system. 
Base deficit was calculated using the Siggard-Ander- 
sen nomogram (7). Apgar scores were determined at 
1 and 5 minutes of age by a pediatrician. 


Results 


Two diabetic parturients were hospitalized 3 weeks 
before delivery for control of fasting blood glucose 
levels. However, before surgery, fasting blood glucose 


levels were within normal limits (86 + 4 mg/dl) in all 
the diabetic mothers. 

Comparison of the two groups of mothers revealed 
no significant differences in maternal age, height, 
weight, or gestational age (Table 1). Systolic blood 
pressure did not exceed 130 torr in any parturients 
within 24 hours of operation, and none of the mothers 
had systolic pressures of more than 30 torr from base 
line levels during anesthesia. The total amount of 
ephedrine administered varied from 10 to 30 mg and 
was not significantly different between the two 
groups. | 

There were no differences in the induction-delivery 
or uterine-incision delivery intervals in the two 
groups (Table 1). The acid-base status of the mothers 
in both groups was normal at delivery (Table 2). 
There were no significant differences in acid-base 
status or in blood gas tensions between infants in the 
control and in the diabetic group. Only one baby in 
the diabetic group had an Apgar score less than 7 at 
1 minute; the rest of the babies had Apgar scores 
greater than 7 at both 1 and 5 minutes (Table 1). 


Discussion 


In our two previous studies (1, 8) with diabetic 
parturients we reported neonatal acidosis while using 
regional anesthesia. The neonatal acidosis was related 
to both severity of maternal diabetes and the presence 
of maternal hypotension. Thalme and Engstrom (9) 

„and Hollmen et al (10) also observed fetal acidosis 
after cesarean section with epidural anesthesia in 
diabetic subjects. 

The genesis of fetal acidosis in diabetic parturients 
is complex and several factors have been involved in 
human and animal experiments. 


TABLE 1 
Patient Characteristics* 
Diabetic Control 
(N = 10) (N = 10) 
Maternal age (yr) 28 +1 29 + 1 
Maternal height (cm) 160 + 1.8 162 41.3 
Maternal weight (kg) 68 = § 71443 
Gestational age (wk) 38 + 0.1 40 + 0.1 
infant birth weight (g) 3456 + 80 3405 +113 
i-D interval (min) 1422 16+3 
UI-D interval (sec) 110+ 12 100 + 10 
Apgar score < 7 
1 min 1 0 
5 min 0 0 


* Values are means + SE. Abbreviations used are: I-D inter- 
val, induction-delivery interval; UI-D internal, uterine incision- 
delivery interval. 
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TABLE 2 
Acid-Base and Blood Gas Data* 
Diabetic Control 
(N = 10) (N = 10) 
Maternal artery 
pH 7.40 + 0.006 7.42 + 0.01 
Po, (torr) 205 4 8 200 + 9 
Pco, (torr) 33 +1 33 + 2 
Base deficit (meq/L) . 2.7+0.5 1.3 + 0.6 
Umbilical vein 
pH 7.33 + 0.01 7.35 + 0.01 
Po, (torr) 3243 30 + 1 
Pgo, (torr) 48 +2 45 +2 
Base deficit (meq/L) 1.0 + 0.6 1.5 + 0.6 
Umbilical artery 
pH . 7.27 + 0.01 7.30 + 0.01 
Po, (torr) 20+2 2222 
Poo, (torr) 56+ 2 50 + 2.5 
Base deficit (meq/L) 4t1 3 0.7 
Transplacental base defi- 1.441 1.7 + 0.3 


cit differencef 





* Values are means + SE. 
+ Transplacental base deficit difference = (umbilical arterial 
base deficit) — (maternal arterial base deficit). 


The placenta of the ewe has the ability to produce 
lactic acid (11). The human placenta also produces 
lactate in vitro, especially under conditions of hypoxia 
or increased glycogen deposition as in maternal dia- 
betes. Glycogen-rich placentas of diabetic parturients 
might contribute lactate to fetal blood under condi- 
tions of relative hypoxia, e.g., decreased uterine blood 
flow which may occur during hypotension (2). 

Shelley (12) observed increased accumulation of 
lactate in fetal lambs during periods of hyperglycemia 
and hypoxia. Bassett and Maddill (13) confirmed these 
findings but found no evidence to suggest that hyper- 
glycemia was harmful to well-oxygenated sheep fe- 
tuses. Robillard et al (14) compared fetal blood gas 
tensions, pH values, and plasma lactate concentrations 
at different levels of fetal hyperglycemia in well-ox- 
ygenated sheep fetuses. They observed increased fetal 
plasma lactate and decreased fetal pH values when 
fetal plasma glucose concentrations were more than 
150 mg/dl, although oxygen tensions did not change. 
However, severe metabolic acidosis occurred when 
fetal plasma glucose concentrations were more than 
300 mg/dl. The mean fetal pH value decreased from 
7.38 to 7.18 and the mean Po, decreased from 24.3 to 
20.3 torr. 

We have observed high umbilical vein glucose 
concentrations (>300 mg/dl) after acute maternal vol- 
ume expansion when dextrose-containing solutions 
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were used in normal parturients undergoing cesarean 
section. 

Recently, Kenepp et al (3) observed fetal lactic 
acidemia in normal parturients who received 5% dex- 
trose solutions for hydration before cesarean section. 
They explained the acidemia on the basis of hypoten- 
sion, placental insufficiency, and/or increased glycol- 
ysis in an oxygen-poor environment. Recently, we 
observed (15) significantly better fetal acid-base status 
when maternal systolic blood pressure remained 
greater than 100 torr, compared with babies whose 
mothers had frank hypotension (maternal blood pres- 
sure less than 100 torr). Using the xenon washout 
method, Huovinen and co-workers (16) observed a 
significant decrease of intervillous blood flow associ- 
ated with maternal hypotension, which can ultimately 
lead to neonatal acidosis. 

Finaliy, Carson et al (4) observed that chronic in- 
fusion of insulin directly into the sheep fetus in- 
creased fetal glucose uptake, increased oxidative uti- 
lization of glucose by the fetus, and surprisingly, 
reduced fetal arterial oxygen content. The authors 
speculated that hyperinsulinemia may increase oxy- 
gen consumption, and that fetal hyperglycemia and 
hyperinsulinemia might result in reduced fetal oxy- 
genation in pregnancies complicated by diabetes. 

The possible mechanisms of fetal acidosis in dia- 
betic mothers after spinal anesthesia described above 
may be closely interrelated. However, it is not realis- 
tically possible at the present time to deal with each 
variable separately. Therefore, in our present study 
we tried either to prevent or correct the problems that 
might cause fetal acidosis in the infants of diabetic 
mothers. 

We observed that strict control of maternal diabe- 
tes, avoidance of dextrose-containing solutions for 
acute maternal volume expansion before anesthesia, 
and prompt treatment of any decrease of maternal 
blood pressure will maintain neonatal acid-base status 
at control levels during spinal anesthesia and avoid 
the development of acidemia which may place the 
newborn at increased risk. 
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Xanthine Oxidase-Induced Lung Injury Inhibits 


Removal of 5-Hydroxytryptamine from the Pulmonary 
Circulation 


David R. Cook, MD,* Ralph E. Howell, PhD, and C. Norman Gillis, PhD+ 





Cook, D. R., HOWELL, R. E., AND GILLIS, C. N.: Xanthine oxidase-induced lung injury inhibits removal of 5-hydroxy- 
tryptamine from the pulmonary circulation. Anesth Analg 1982;61:666-—70. 


We were interested in determining the effect of lung injury initiated by superoxide anions and hydroxy! radicals on 
removai of 5-hydroxytryptamine (5-HT) and phenylethylamine by the isolated perfused lung. The rate of removal and 
percentage of removal of these bioamines was determined before and after lung injury initiated by perfusion of the 
lung with hypoxanthine (HX) and xanthine oxidase (XO) or xanthine oxidase alone for 10 or 30 minutes; free radicals 
are generated by such treatment. Because of variation in removal of bioamines among lungs of different animals, the 
effects of lung injury on bioamine removal were determined by calculating the percentage of inhibition of removal 
using data from the control and test period for each lung. Perfusion of the lung with HX/XO or XO for 10 or 30 minutes 
significantly inhibited 5-HT removal by 39.5% and 63.3%, respectively. In contrast, only perfusion of the lung for 30 
minutes with HX/XO produced inhibition of phenylethylamine uptake (by 54.8%). As uptake of 5-HT is the rate-limiting 
step in 5-HT removal, these data demonstrate dose (time)-related depression of active 5-HT uptake by free radicals 
generated in vitro. The rate-limiting step of phenylethylamine uptake, metabolism by monoamine oxidase, is inhibited 


only by severe jung injury. 


Key Words: LUNG: oxygen toxicity, amine uptake; SEROTONIN: pulmonary uptake; OXYGEN: toxicity. 


ROLONGED inhalation of oxygen at high partial 

pressure damages ciliated cells of the airway, type 
I cells of the alveoli, and interstitial and capillary 
endothelial cells (1-5). Metabolites of oxygen (e.g., 
superoxide anions, hydrogen peroxide, hydroxyl rad- 
icals, and higher peroxides) rather than oxygen itself 
are responsible for this damage. Damage to capillary 
endothelium of the lung with leakage of fluid into the 
interstitium is an early manifestation of tissue toxicity 
following prolonged oxygen administration. The met- 
abolic functions of pulmonary endothelial cells ca- 
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pable of modifying the pharmacologic activity of 
bioamines can be inhibited by prolonged exposure to 
oxygen. For example, in the early stages of oxygen 
toxicity the clearance of 5-hydroxytryptamine from 
the lung is reduced both in vitro (6) and in vivo (7). 

To determine the effect of free radical-induced 
injury on lung metabolic function, we measured the 
removal of 5-hydroxytryptamine (5-HT) and phen- 
ylethylamine (PEA) by the isolated perfused lung 
following endothelial damage initiated by superoxide 
anions generated within the pulmonary circulation. 
Transport of 5-HT into the endothelial cell is an active 
process (8), whereas removal of PEA occurs by dif- 
fusion; both bioamines are metabolized by mono- 
amine oxidases (9, 10). Use of 5-HT and PEA, there- 
fore, allowed us to determine the effect of superoxide 
anion-induced endothelial damage on both the uptake 
and metabolism of bioamines. 


Methods 


Left and right rabbit lungs were independently but 
concurrently perfused with aerated Krebs-bicarbon- 
ate-dextrose solutions in a recirculating system at a 
constant flow of 10 ml/min via the first branches of 
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the pulmonary artery as previously described (8, 
10-12). Lungs were statically inflated with air. Pul- 
monary arterial pressure was continuously monitored 
with a P23b Statham pressure transducer and re- 
corded on a Grass polygraph; the transducer was 
zeroed at the midlung position. 

The following experimental protocol was used: 
Each lung was perfused for 10 minutes with oxygen- 
ated Krebs-Ringer bicarbonate-dextrose solution to 
clear the lung of blood. After this washout period, 
lungs were perfused in a recirculating system from a 
100-ml reservoir containing 0.1 ym [4C]5-HT or 0.1 
um [“C]PEA in the Krebs-Ringer solution for 21 to 
22.5 minutes. The reservoir was sampled at 3-minute 
intervals for determination of parent compound and 
metabolite. The residual volume at the end of the 
perfusion was recorded. 

The lung was then perfused (recirculating system) 
with a 100-ml reservoir containing 0.1 um hypoxan- 
thine and xanthine oxidase (0.2 units/ml) in Krebs- 
Ringer bicarbonate solution for 10 or 30 minutes or 
with xanthine oxidase (0.2 units/ml) without hypo- 
xanthine for 10 or 30 minutes. The residual volume 
of the second reservoir was noted at the end of the 
perfusion. Xanthine oxidase with hypoxanthine or 
other nonspecific substrates generate superoxide an- 
ions and hydrogen peroxide as the primary products 
of the reduction of oxygen. In turn, hydroxyl radicals 
are generated as a result of the interaction of super- 
oxide anions with hydrogen peroxide (13-16). We 
confirmed that superoxide anions were generated in 
this system by demonstrating reduction of ferric cy- 
anide to ferrous cyanide and by demonstrating oxi- 
dation of epinephrine to adrenochrome (16~19). In 
those studies in which superoxide anions were gen- 
erated for 10 minutes, the lung was perfused for an 
additional 20 minutes with Krebs-Ringer solution to 
equalize the total perfusion times. 

The lung was then perfused with Krebs-Ringer 
solution for 2 minutes to remove the hypoxanthine- 
xanthine oxidase solution and measurement of 5-HT 
or PEA removal was repeated. The residual volume 
of this third reservoir was also recorded. The weight 
gain for each pair of lungs was noted. For experimen- 
tal purposes, each lung had uptake of a bioamine 
determined (control value), had a variable injury pe- 
riod, and had the uptake of the same bioamine rede- 
termined (posttreatment value). Thus, each lung 
served as its own control, Each data point represents 
the mean value of four lungs. 

Biorex 70 columns were used as previously de- 
scribed (11) to separate unchanged 5-HT and PEA 


from their deaminated metabolites, 5-hydroxyin- 
dolacetic acid, and phenylacetic acid. The parent com- 
pound (nmol/ml) and metabolite (nmol/ml) of 
bioamine were determined at each time period. 
Percentage of removal of 5-HT and PEA was cal- 
culated at each time period with the aid of a Wang 
2200 computer using the relationship: 
Co- G 





Percentage of removal (%R) = l Xx 100 

where Co = concentration of 5-HT in reservoir at 
time = 0, and C, = concentration of 5-HT in reservoir 
at time = t). A plot of log concentrations of parent 
compound against time revealed a linear relationship, 
which suggested that first-order kinetics were appli- 
cable over the period studied. The slope, Kio, of the 
plot of log dose versus time was calculated from a 
regression analysis. As Ke = Kio/2.303, the half-life 
(min) (t2) was calculated from the relationship t% = 
0.693 Ke. 


Drugs and Isotopes 


Xanthine oxidase (grade IV) and hypoxanthine were 
supplied by Sigma Chemical Co., St. Louis, MO, “C- 
5-hydroxytryptamine (56 mCi/mmol) by Amersham 
Co., Arlington Heights, IL; and “C-phenylethylamine 
(6.9 mCi/mmol) was supplied by New England Nu- 
clear, Boston, MA. 


Statistical Methods 


Statistical differences in the t’2 and percentage of 
removal of 5-HT or PEA were assessed with a paired 
t-test. Differences between groups of data were as- 
sessed with a one-way analysis of variance. 


Results 


During the control determination of bioamine up- 
take and metabolism there was no increase in perfu- 
sion pressure and no net transfer of fluid from the 
reservoir to the lung. In contrast, coperfusion of the 
lung with hypoxanthine (HX) and xanthine oxidase 
(XO) or with xanthine oxidase alone for 10 or 30 
minutes resulted in a rapid, variable, but unsustained, 
increase of perfusion pressure followed by a progres- 
sive early loss of fluid from the reservoir; the lung 
visibly enlarged during this period. The mean change 
in perfusion pressure was 33.6 + 4.9 (SEM) torr and 
the mean weight gain was 30.14 + 2.68 (SEM) g. 
There was no difference in the weight gain of the 
lungs after 10 minutes of perfusion with XO (alone or 
with hypoxanthine) as compared with perfusion for 
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TABLE 1 
inhibition of 5-Hydroxytryptamine (5-HT) Removal from Pulmonary Circulation after Exposure to Xanthine Oxidase (XO)* 
Control After treatment . 
XO substrate oe Inhibition of removal 
t Removal t Removal 
min min % min % % 

HX 10 4.7+0.5 94.5 + 1.1 16.0 + 2.37 56.9 + 9.2T 39.9 + 9.0 
K 10 7.12405 86.4 + 2.4 22.7 + 6.47 53.1 + 10.87 39.1 411.4 
HX 30 7.02 0.7 84.7 + 3.1 107.3 + 57.47 36.0 + 8.7T 57.9 + 4.9 
K 30 8.6+0.3 76.8 = 1.3 173.4 + 90.0f 23.7 + 5.4T 69.4 + 6.7 





* Values are means + SEM; N = 4 for each set. Abbreviations used are: HX, hypoxanthine; K, unknown reductants. 


+ Different from control value at p < 0.05: 


Inhibition of Phenylethylamine Removal from Pulmonary Circulation after Exposure to Xanthine Oxidase (XO)* 


TABLE 2 
. Control 
XO substrate neta 
to Removal 
min % 
HX 10 8.5 + 1.6 82.4 + 4.3 
K 10 8.3 + 1.8 85.9 + 3.7 
HX 30 5.0 + 1.7 84.8 + 3.2 
K 30 639+ 9 83.5 t+ 2.7 


After treatment 
inhibition of removal 


te Removal 
min % 
8.7 + 2.2 78.6 + 3.7 4.5+1.8 
8.1 + 1.5 81.7 + 2.9 4.6 + 2.7 
67.7 + 34.1ł 37.7 + 5.87F 54.8 + 8.1 
7.8 + 1.1 73.3 + 2.5 4.9+1.6 


* Values are means + SEM; N = 4 for each set. Abbreviations are defined in footnote to Table 1. 


+ Different from control values at p < 0.05. 


30 minutes with XO ( p > 0.20). Changes in perfusion 
pressure and in lung weight were uncorrelated (r = 
—0.01, p > 0.50). | 

Perfusion of the lung with HX/XO or XO alone for 
10 minutes or 30 minutes resulted in significant in- 
hibition of 5-HT removal {p < 0.05) and prolongation 
of the t% for removal (p > 0.05) as compared with 
control values (Table 1). Perfusion for 30 minutes 
with HX/XO or XO as compared with 10 minutes 
resulted in greater inhibition of 5-HT removal and 
prolongation in the t% (p < 0.05). 

PEA removal was not significantly inhibited (p > 
0.50) by perfusion of the lung for 10 minutes with 
HX/XO or XO or by perfusion of the lung for 30 
minutes with XO (Table 2). However, perfusion of 
the lung for 30 minutes with HX/XO significantly 
inhibited PEA removal and prolonged the ts of PEA 
removal (p < 0.05). 

Subsequent studies documented that Krebs-Ringer 
solution recirculated through the rabbit lung con- 
tained unidentified reductants (K) that served as sub- 
strate for xanthine oxide to reduce ferric cyanide to 
ferrous cyanide (16). No attempt was made to identify 
these compounds. 


Discussion 


Biochemical defense mechanisms that destroy toxic 
intermediates of oxygen metabolism normally prevent 


668 


ANESTHESIA AND ANALGESIA 
Vol 61, No 8, August 1982 


oxygen toxicity. Thus, superoxide dismutase, which 
catalyzes the dismutation of superoxide anions to 
hydrogen peroxide, normally protects the cell from 
the “catastrophic cascade of free radical reactions” 
(1). However, generation of large numbers of super- 
oxide anions in vivo during prolonged exposure to 
high oxygen tensions probably overwhelms natural 
defense mechanisms. Superoxide anions and hy- 
droxyl radicals generated in vivo not only damage 
cells, but also alter the structure of DNA, depolymer- 
ize polysaccharides, cause lipid peroxidation, and 
auto-oxidize thiols and amines (1, 3, 5). As previously 
mentioned, these toxic free radicals can also be gen- 
erated in vitro, Our study confirms that a model of 
oxygen toxicity can be achieved in the isolated per- 
fused lung. Such a model allowed us to examine the 
effects of free radical-induced, severe injury on 
bioamine uptake and removal. Limiting the exposure 
of the lung to free radicals and hence limiting the 
degree of injury may later prove useful in testing 
methods for scavenging toxic free radicals (e.g., to- 
copherols, ascorbate, NADPH, glutathione) (1). 
Vasoconstriction, not the transudation of fluid, ap- 
pears to be responsible for the early, transient increase 
in perfusion pressure in our model. Perfusion pres- 
sure returned to normal levels as transudation of fluid 
to the lung become marked. This suggests that super- 
oxide ions or hydroxyl radicals have themselves, or 
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initiate, vasoconstrictor effects. Indeed, we demon- 
strated in preliminary experiments that superoxide 
anions (generated in a tissue bath or in dialysis tubing) 
have vasoconstrictor effects on isolated segments of 
the pulmonary artery, intrapulmonary artery, and 
intrapulmonary vein (R. Altiere, D. R. Cook, unpub- 
lished observations, 1981). Iwasawa, Gillis, and Agha- 
janian (8) previously demonstrated that isolated lungs 
could be perfused for 1 hour without developing 
edema and without inhibition of 5-HT uptake. On 
the other hand, wė noted in early pilot studies that 
lung edema in this model was greatly exacerbated if 
the lungs were perfused with 3% albumin solutions. 


For this reason, protein solutions were omitted from ‘ 


our study. 

The uptake of 5-HT is a temperature-, sodium-, 
and energy-dependent process (20, 21); 5-HT is me- 
tabolized by the A form of monoamine oxidase (9, 
10). Uptake of 5-HT into the endothelial cell, rather 
than metabolism, is the rate-limiting step of 5-HT 
removal (20, 22). Monoamine oxidase A inhibitors 
have no effect on 5-HT removal (8, 20). Removal of 
PEA occurs by diffusion; 70% of PEA is deaminated 
by plasma monoamine oxidase and 30% of PEA is 
deaminated by the B form of monoamine oxidase. 
Metabolism of PEA is the rate-limiting step for PEA 
removal (9, 10, 23). In control lungs, approximately 
85% of 5-HT was removed from the pulmonary cir- 
culation. We demonstrated that 5-HT removal is sig- 
nificantly inhibited in a dose (time)-related fashion 
by superoxide anions and hydroxy] radicals. 

Inhibition of removal by 39% and 63% theoretically 
would be expected to increase the 5-HT concentra- 
tions reaching the left side of the heart of the intact 
animal by approximately 320% and 535%, respec- 
tively. In contrast, PEA removal was inhibited only in 
those lungs perfused for 30 minutes with hypoxan- 
thine and xanthine oxide. Inhibition of monoamine 
oxidase activity, therefore, also can accompany severe 
endothelial cell injury. Acute exposure to high con- 
centrations of ozone can injure mitochondrial and 


‘microsomal membranes and has been associated with 


decreased monoamine oxidase activity (1). In the case 
of 5-HT, inhibition of monoamine oxidase activity is 
pharmacologically moot because if uptake is in- 
hibited, metabolism cannot occur. More important, 
there was a clear dichotomy between inhibition of 
PEA removal in the remaining experiments and the 
gross signs of endothelial damage as manifested by 
the increase in perfusion pressure and the develop- 
ment of edematous lungs. We can assume that super- 
oxide anions or hydroxyl radicals were generated by 


perfusion of the lungs with hypoxanthine and xan- 
thine oxide for 10 minutes or by the perfusion of the 
lungs for 30 minutes with xanthine oxidase alone. 
Limited amounts of these tissue-toxic substances pro- 
duce capillary leak and inhibition of an active uptake 
process (e.g., 5-HT removal), but not inhibition of 
PEA removal. PEA removal was normal despite gross 
edema in lungs, and this strongly suggests that there 
was not a large reduction of the capillary surface area 
of the injured lung or a loss of bioamine into the 
interstitial space of the lung. 

The mechanism by which superoxide anions and 
hydroxyl radicals inhibit active uptake of 5-HT and 
inhibit the metabolism of PEA is unknown. Clearly, 
5-HT removal was more sensitive to injury in this 
model than the removal of PEA. Recently, Cook and 
Brandom (12) noted that potent inhalation anesthetics 
(e.g., halothane, enflurane, and isoflurane) at equal 
MAC multiples also inhibited 5-HT uptake more than 
PEA uptake. Whether 5-HT uptake and removal is a 
more sensitive indicator of endothelial damage from 
other causes than PEA or other metabolic probes is 
not known. However, clinically practical techniques 
of determining 5-HT uptake and removal have been 
developed (7, 22, 24, 25). Serial measurement of 5-HT 
removal may be a useful clinical tool in predicting 
survival in various forms of adult respiratory distress 
syndrome. 
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Enflurane, Halothane, and Isoflurane Inhibit Removal 
of 5-Hydroxytryptamine from the Pulmonary 
Circulation 


David R. Cook, MD,* and Barbara W. Brandom, MDT 


Cook, D. R., AND BRANDOM, B. W.: Enflurane, halothane, and isoflurane inhibit removal of 5-hydroxytryptamine from 
the pulmonary circulation. Anesth Analg 1982;61:671-5. 


We were interested in determining the effect of enflurane, halothane, and isoflurane on the uptake and removal of 5- 
hydroxytryptamine (5-HT) and phenylethylamine (PEA) from the lung. isolated rabbit lungs were perfused in a 
recirculating system in vitro with 0.1 gm ["“C]5-HT or 0.1 um ['C]PEA in Krebs-Ringer solution. The rate of removal 
and percentage of removal of the bioamines were determined before and after either 1, 2, or 4 MAC multiples of the 
potent anesthetics. Because of variation in removal of bioamines among lungs from different animals, the effects of 
anesthetics on bioamine removal were determined by calculating the percentage of inhibition of removal using data 
from the control and test period for each lung. At 2 MAC concentrations, the anesthetics inhibited 5-HT removal 
11.1%, at 4 MAC concentrations the anesthetics inhibited 5-HT removal 29.8% and siqnificantiy prolonged the half- 
life (t¥) of 5-HT removal. There was significant (10.8%) inhibition of PEA removal at 4 MAC concentrations for the 
three anesthetics. As uptake of 5-HT is the rate-limiting step in 5-HT removal, these data demonstrate a uniform 
depression of 5-HT uptake by the three potent anesthetics. The rate-limiting step of PEA uptake, metabolism by 
monoamine oxidases, is inhibited at 4 MAC concentrations of anesthetics. 


Key Words: ANESTHETICS, Voiatile: enflurane, halothane, isoflurane; SEROTONIN: pulmonary uptake. LUNG: 


serotonin uptake. 


NDOTHELIAL cells of the lung clear certain vas- 
oactive substances from the pulmonary circula- 
tion and activate others which then enter the systemic 
circulation (1). Hence, the endothelial cell may mod- 
ulate both pulmonary and systemic vascular tone. 
Inhalation anesthetics (e.g., nitrous oxide and halo- 
thane) inhibit the removal of norepinephrine but not 
removal of prostaglandin E; from the pulmonary cir- 
culation (2, 3). Little information is available about 
the effects of inhalation anesthetics on the metabolism 
of other bioamines such as 5-hydroxytryptamine (5- 
HT) (4, 5). 
5-Hydroxytryptamine, a potent vasoconstrictor, is 
actively taken up by endothelial cells of the lung, 
metabolized, and the metabolite released back into 
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the pulmonary circulation (6). We were interested in 
determining the clearance of 5-HT and phenylethyla- 
mine (PEA), two bioamines, by the isolated perfused 
lung during various MAC multiples of halothane, 
enflurane, and isoflurane anesthesia. The uptake of 
5-HT into the endothelial cell is an active process (6) 
whereas the uptake of PEA occurs by diffusion (7); 
both bioamines are metabolized by monoamine oxi- 
dases (8). Uptake of 5-HT, not metabolism, is the 
rate-limiting step in 5-HT removal (6). Use of these 
two bioamines allowed us to distinguish between the 
effects of potent inhalation anesthetics on active up- 
take by pulmonary endothelial cells and on metabo- 
lism of bioamines following uptake into endothelial 
cells. 


Methods 


Experiments were carried out using rabbit lung 
preparations perfused in a manner previously de- 
scribed by Naito and Gillis (2). 

New Zealand White rabbits (2.5 to 3.0 kg) were 
intravenously anesthetized with thiopental (25 mg/ 
kg) and heparinized (1000 units/rabbit); then their 
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hearts, lungs, and tracheas were excised en bloc from 
the thorax. After isolation of the main pulmonary 
artery, the heart was cut from the preparation, con- 
nective tissue was excised, and the trachea and each 
pulmonary artery cannulated; the pulmonary veins 
were opened to allow free drainage of effluent. The 
lungs were statically inflated with 20 to 25 ml of room 
air. 

The isolated lungs were placed in a water-jacketed, 
humidified incubation chamber maintained at 37°C. 
The lungs were perfused independently but concur- 
rently via each pulmonary artery at a constant flow 
rate of 10 ml/min with Krebs-Ringer bicarbonate- 
dextrose-hetastarch (3% w/v) solution with the fol- 
lowing composition {mm): NaCl (118), KCl (4.75), 
CaCl: (2.54), KH:PO; (119), MgSO; (1.10), NaHCO; 
(25.0), and dextrose (11.1) at 37°C. The perfusate was 
‘saturated by bubbling with 95% oxygen and 5% car- 
bon dioxide; the pH was between 7.35 and 7.45. 


Experimental Procedures 


Each lung was perfused for 10 minutes with oxy- 
genated Krebs-Ringer bicarbonate-dextrose solution 
to clear the lung of blood and thiopental. After this 
washout period, the lungs were perfused in a recir- 
culating system from a 100-ml reservoir containing 
0.1 pm [“C]5-HT or 0.1 um [“CJPEA in the Krebs- 
Ringer solution for 15 to 16.5 minutes. [“*C]5-hydrox- 
ytryptamine (56 mCi/mmol), was supplied by Amer- 
sham Co., Arlington Heights, IL and [*C]phenyleth- 
ylamine (6.9 mCi/mmol) by New England Nuclear, 
Boston, MA. The reservoir was sampled at 3-minute 
intervals for determination of parent compound and 
metabolite. 

The lungs were then perfused for 20 minutes with 
a 200-ml reservoir of dextrose-electrolyte solution 
that had been aerated for 30 minutes with the anes- 
thetic gas being tested, oxygen, and carbon dioxide; 
aeration with anesthetic gas was continued during this 
period. Radioactivity from both parent and metabolite 
was washed from the lung for 5 minutes with the 
above solutions; the perfusion was then continued 
with a recirculating system. 

Halothane, enflurane, and isoflurane at 1, 2, and 4 
MAC were delivered by means of an anesthetic-spe- 
cific Ohio Medical matic-type vaporizer with a flow 
of 3 L/min of 95% Oz and 5% COs. As we did not 
determine the MAC of the potent agents in rabbits, 
we assumed the MAC of halothane to be 0.75%, the 
MAC of enflurane to be 1.68%, and the MAC of 
isoflurane to be 1.28%; those are the MAC values of 
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adults (human). Finally, the lungs were reperfused 
(recirculating system) for 15 to 16.5 minutes with new 
0.1 pm 5-HT or PEA in electrolyte solution aerated 
with the anesthetic gas; aeration with anesthetic gas 
was also continued during this period. The reservoir 
was again sampled at 3-minute intervals for determi- 
nation of parent compound and metabolite. The pH 
also remained stable between 7.35 and 7.45 during 
this period. Thus, for experimental purposes, each 
lung served as its own control. Four separate lungs 
were studied at each anesthetic concentration. Data 
from grossly edematous lungs were discarded. 


Measurement of Amine Uptake and Metabolism 


Aliquots of lung effluent (0.5 ml) were passed over 
columns of Biorex 70 (sodium form; pH 6.0) cation 
exchange resin to separate unchanged 5-HT and PEA 
from their deaminated metabolites, 5-hydroxyindo- 
lacetic acid and phenylacetic acid, respectively (8). 
Anionic and neutral products were subsequently re- 
moved from the column with 1.5 ml of glass-distilled 
water. The total 2.0-ml sample was then added to 4.0 
ml of Aquasol liquid scintillation cocktail and the 
radioactivity of the solution was measured by liquid 
scintillation spectrometry. Radioactivity of a second 
0.5-ml aliquot added to 1.5 ml of water was measured 
without passage over columns to determine total ra- 
dioactivity. Distintegrations per minute (dpm) were 
calculated from appropriate quench curves. The par- 
ent compound (nmol/ml) and metabolite (nmol/ml) 
of bioamine was calculated at each time period. Ra- 
dioactivity (dpm) associated with the parent com- 
pound is the difference between the total disintegra- 
tions per minute and the disintegrations per minute 
of the deaminated metabolite. 


Calculation of Half-Life and Percentage of Removal 


A plot of log concentrations of parent compound 
against time revealed a linear relationship, which 
suggested that first-order kinetics was applicable over 
the period studied (Figure) (7). The slope, Kio, of the 
plot of log dose over time was calculated from a 
regression analysis; therefore Ke = Ki0/2.303. The 
half-life (t2, min) was calculated from the relationship 


th = 0.693/Ke. 


The percentage of removal of 5-HT and PEA was 
calculated at each time period with the aid of an 
Apple II computer using the relationship: percentage 
of removal (WR) = Co — G/Co X 100 (where Co = 
concentration of 5-HT or PEA in reservoir at time 0, 
and C; = concentration of 5-HT or PEA in reservoir 
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FIGURE. Relationships between concentration of 5-HT (nmol/ 
ml) in perfusate and time of perfusion during control period and 
4 MAC isoflurane anesthesia in a typical experiment. Semilog- 
arithmic plot of 5-HT concentration vs time demonstrates linear 
decrease over period of study. Removal of 5-HT was inhibited 
30.8% by 4 MAC isoflurane. 


at time t). Bioamine removal was not corrected for 
sampling volumes. The maximum removal for each 
bioamine is presented in Tables 1 and 2. 

Because of variation in removal of bioamines 
among lungs from different animals and between 
lungs of the same animal, the effects of anesthetics on 
bioamine removal were determined by calculating 
percentage of inhibition using data from the control 
and test period for each lung. Percentage of inhibition 
of removal is determined from the formula: %I = 
(Rc — Rt) xX 100/Rce (where Rc = percentage of 
removal during the control period and Rt = Rc per- 
centage of removal during the test period). 


Statistical Methods 


Statistical significance was evaluated by a paired t- 
test except in comparisons of percentages of inhibition 
caused by different anesthetics or different concentra- 
tions of the same anesthetic for which a one-way 
analysis of variance was used. 


TABLE 1 
Removal of 5-Hydroxytryptamine (5-HT) from Pulmonary Circulation and Its Inhibition by Anesthetics* 
te 
Anesthetic MAC 
Treated 
Ponte (anesthetic) 
min 
Halothane 1 5.3 + 0.4 §.8 + 1.0 
2 7.1 + 0.8 8.0 + 0.8 
4 3.9+0.9 9.82+1.3 
isoflurane 1 4.7 + 0.5 5.30 + 0.5 
2 7.0 + 1.2 8.7 t 1.1 
4 6.5 + 1.0 12.3 + 0.9 
Enflurane 1 5.2 + 0.7 5.8 + 0.8 
2 5.6 + 1.3 6.2 4t 1.3 
4 6.2 + 0.5 12.5 + 1.8 





TABLE 2 
Removal of Phenylethylamine (PEA) from Pulmonary Circulation and Its Inhibition by Anesthetics * 
t Removal 
Anesthetic MAC Inhibition of removal 
Treated Treated 
Control (anesthetic) Control (anesthetic)} 
min % % 
Halothane 4 8.2 + 0.6 8.0 + 0.7 79.4 + 3.7 70.6 + 1.77 11.0 + 3.2 
isoflurane 4 8.5 + 0.8 8.3 + 1.0 79.7 4 1.8 69.7 + 2.5ł 12.5 + 2.1 
Enflurane 4 8.1 + 0.8 7.8 4 0.9 78.4 + 3.9 71.3 + 3.8f 9.1 4 2.3 





Removal 
Inhibition of removal 
Treated 
Control (anesthetic) 
% % 
86.3 + 1.0 83.7 + 3.0 2.9 40.8 
76.8 + 2.4 68.1 + 1.9} 11.3 + 1.8 
94.5 + 3.1 65.0 + 4.2+ 31.2448 
89.4 + 1.3 86.7 + 1.7 3.0 + 2.0 
77.7 43.7 70.7 + 3.9T 9.0 + 2.5 
79.5 + 3.2 57.5 + 3.0+ 27.7 + 3.6 
85.8 + 2.7 83.2 + 2.0 3.1 + 1.8 
91.7 + 3.8 80.6 + 4.0f 12.2 t 3.5 
80.7 + 1.9 55.9 + 6.0T 30.7 + 7.1 


* Values are means + SD. Data from four lungs were used to calculate the values presented. 
+t Different from control values at p < 0.05. 


* Values are means + SD. Data from four lungs were used to calculate the values presented. 


+ Different from control values at p < 0.05. 
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INHIBITION OF 5-HT REMOVAL BY ANESTHETICS 


Results 


The t% for the rate of removal of 5-HT was signif- 
icantly prolonged as compared with the control t at 
4 MAC for each of the three anesthetics (p < 0.05) 
(Table 1). 

There was no inhibition of 5-HT removal at 1 MAC 
concentrations of halothane, enflurane, or isoflurane 
(p > 0.50) (Table 1). There was significant inhibition 
of 5-HT removal at 2 and 4 MAC for each anesthetic 
(p < 0.05); the percentage of inhibition increased 
significantly from 2 to 4 MAC of each anesthetic (p 
< 0.05). However, there was no significant difference 
in the degree of inhibition of 5-HT removal among 
the three anesthetics at equal MAC multiples (p > 
0.20). 

There was significant inhibition of PEA removal by 
an average of 10.8% at 4 MAC for the three anesthetics 
(p < 0.05), but no significant difference (p > 0.20) 
between the degree of inhibition of PEA between the 
three anesthetics at 4 MAC (Table 2). The removal of 
PEA was not tested at 1 and 2 MAC for the three 
anesthetics. 


Discussion 


The active uptake process of 5-HT within pulmo- 
nary capillary endothelial cells is sodium, ATP, and 
energy dependent (6, 8, 9). Because the uptake of 5- 
HT is energy dependent, we speculated that inhala- 
tion anesthetics would inhibit 5-HT uptake at concen- 
trations clinically used. Indeed, halothane, enflurane, 
and isoflurane significantly inhibited 5-HT removal 
approximately 11% at 2 MAC and approximately 30% 
at 4 MAC multiples. Byles et al (4), likewise, noted 
no change in arterial 5-HT concentration in dogs 
following approximately 1 MAC concentrations of 
halothane, enflurane, isoflurane, and methoxyflurane. 
In prior studies, Naito and Gillis (2) noted inhibition 
of norepinephrine removal from the lung by both 
halothane and nitrous oxide. Combining halothane 
with nitrous oxide produced additive inhibition of 
norepinephrine removal. At equally potent concentra- 
tions, halothane inhibits removal of norepinephrine 
to a greater degree than removal of 5-HT. The rea- 
son(s) for this is not clear. 

The mechanism responsible for inhibition of 5-HT 
active uptake by pulmonary endothelial cells by 
higher concentrations of inhalation anesthetics is un- 
known. There may be enzymatic inhibition of so- 
dium-potassium ATPase (10, 11), inhibition of aerobic 
metabolism necessary for 5-HT transport, or an 
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alteration in membrane permeability. A common 
mechanism appears involved for all three potent an- 
esthetics as the same degree of inhibition was seen as 
equal MAC multiples of anesthetics. Rannels, Wat- 
kins, and Biebuyck (5) noted inhibition of 5-HT up- 
take by 4% halothane in isolated rat lungs perfused in 
situ. In contrast to our study, halothane altered me- 
tabolism of 5-HT at high (20 um) substrate concentra- 
tions but not at low substrate concentrations (2 pM). 
Differences in experimental methods may explain this 
dichotomy with our study (i.e., they limited the per- 
fusion period to 2 minutes [single-pass technique], in 
their study lungs were perfused in situ, and the flow 
rate of perfusion in their study was probably greater 
than in our study), There was no depletion of ATP in 
the rat lungs nor was there a change in the extravas- 
cular space from high concentrations of halothane. 

The uptake of PEA is by diffusion. The rate-limit- 
ing step of PEA uptake is related to the metabolism 
of PEA to phenylacetic acid (7). Seventy percent of 
PEA is deaminated by plasma monoamine oxidase 
and 30% of PEA is deaminated by the B form of 
monoamine oxidase. PEA removal was inhibited only 
10.5% at 4 MAC concentrations of the three anes- 
thetics. Presumably, this inhibition of metabolism of 
PEA is related to a reduction in aerobic metabolism 
with a reduction in plasma and B form monoamine 
oxidase activity. A comparable degree of inhibition of 
5-HT removal was seen at 2 MAC concentration for 
the three anesthetics. This makes it unlikely that 
significant inhibition of PEA removal would be seen 
at 1 or 2 MAC concentrations of the anesthetics. For 
this reason, we elected not to study PEA removal at 
1 and 2 MAC concentrations of the anesthetics. In- 
halation anesthetics appear to depress the active trans- 
port processes for bioamine uptake into endothelial 
cells to a greater degree than they depress the metab- 
olism of bioamines by monoamine oxidases. Likewise, 
the active transport processes for bioamines in the 
lung appear more susceptible to lung injury from 
superoxide radicals than do the metabolism of bio- 
amines (12). 

It is difficult to assess the full physiologic and 
clinical implications of this study. Pulmonary release 
of vasoactive materials or inhibition of the uptake of 
others is likely a major factor in the constriction of 
pulmonary vessels associated with hypoxic ventila- 
tion, pulmonary edema, and pulmonary embolism 
(13). Although prostaglandins or thromboxanes may 
be the mediators of hypoxic pulmonary vasoconstric- 
tion, it seems likely that 5-HT and additional vaso- 
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active substances such as angiotensin I and bradykinin 
may also participate in this response (13). Potent 
inhalation anesthetics, such as isoflurane and flurox~ 
ene, blunt the vasoconstrictor response to hypoxia, 
whereas halothane anesthesia augments the response; 
these changes in the hypoxic vasoconstrictor response 
due to potent halogenated anesthetics are minimal at 
1 MAC and become more marked at 2 and 3 MAC 
multiples of anesthetic (14). As approximately 85% of 
5-HT in pulmonary arterial blood is normally re- 
moved from the lung, we estimated that 17.6% inhi- 
bition of removal would double the 5-HT concentra- 
tion entering the left heart, and that 52.9% inhibition 
of removal would quadruple the 5-HT concentration 
entering the left heart. Thus, 11% inhibition of re- 
moval of 5-HT by 2 MAC and 30% inhibition at 4 
MAC by the potent anesthetics may profoundly in- 
fluence both pulmonary and systemic vascular resist- 
ance. Additional data will be needed to clarify the 
effect of anesthetics on any complex physiologic 
changes such as hypoxic pulmonary vasoconstriction. 
Such data must include the effects of anesthetics on 
the removal of additional vasoactive substances from 
the lung (e.g., angiotension I or bradykinins). 
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Clinical Evaluation of a New Fiberoptic Catheter 
Oximeter during Cardiac Surgery 
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WALLER, J. L., KAPLAN, J. A., BAUMAN, D. L, AND CRAVER, J. M.: Clinical evaluation of a new fiberoptic catheter 
oximeter during cardiac surgery. Anesth Analg 1982:61:675-9. 


A new pulmonary arterial catheter (Opticath), containing the standard pulmonary artery catheter features plus two 
fiberoptic filaments to permit continuous measurement of oxygen saturation (SVo,) by a companion oximeter, was 
studied in 13 patients undergoing elective coronary bypass surgery. The study was designed to evaluate the accuracy 
of Opticath S¥o, measurements, to determine the incidence of catheter-related problems, and to correlate changes in 
SVo, with hemodynamic changes. A good correlation was found between the Svo, determined by the Opticath and that 
measured by American Optical and Radiometer Oximeters (r = 0.92 and 0.89 respectively; p < 0.0001). There was 
a significant correlation between increases or decreases in values of SVo, = 5% and corresponding changes in cardiac 
index, stroke index, and left ventricular stroke work index (p < 0.001), and an 86% probability that SVo, decrease 


25% reflected a significant decline in cardiac index. 


Key Words: OXYGEN: measurement; MEASUREMENT TECHNIQUES: oximeter. 


ULMONARY arterial catheters are now com- 

monly used in patients undergoing cardiac sur- 
gery. The majority of catheters now in use permit 
continuous monitoring of pulmonary arterial and cen- 
tral venous pressures, but only intermittent measure- 
ments of pulmonary capillary wedge pressure and 
cardiac output. Presently, the determination of mixed 
venous oxygen tension or oxygen saturation (SvVo,) 
necessitates sending a pulmonary arterial blood sam- 
ple to the laboratory. A new pulmonary arterial cath- 
eter (model P7110 Opticath, Oximetrix Inc, Mountain 
View, CA) contains the standard pulmonary arterial 
catheter features plus two fiberoptic filaments to per- 
mit continuous measurement of Svo, by a companion 
oximeter. Although on-line umbilical arterial oxygen 
saturation monitoring with this oximeter has proved 
useful in neonates (1), neither the P7110 Opticath nor 
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the oximeter system has been evaluated during car- 
diac surgical procedures in adult patients. Therefore, 
this study was designed to evaluate this pulmonary 
arterial catheter and oximeter (the Opticath system) 
in such patients by: (a) correlating in vivo SVo, meas- 
urements with standard laboratory in vitro SVo, re- 
sults, (b) correlating on-line SVo, changes with he- 
modynamic changes, and (c) determining the inci- 
dence of equipment malfunctions and catheter-related 
complications. 


Methods and Materials 


The protocol was approved by the Human Investi- 
gations Committee of Emory University, and in- 
formed consent was obtained from each patient be- 
fore the catheter was inserted. Thirteen patients 
scheduled for elective coronary artery bypass grafting 
were studied. Mean age was 54 + 7 (SD) years, and 
weight was 84 + 14 kg with body surface areas of 2.0 
+ 0.2 m’. The patients had multivessel coronary artery 
disease involving 3.3 + 1 vessels. All patients were 
maintained on full doses of beta-adrenergic blocking 
drugs and nitrate preparations until surgery. They 
were premedicated with diazepam, 8.8 + 4.3 mg, 
orally, and morphine sulfate, 8.8 + 2.0 mg, and sco- 
polamine, 0.3 or 0.4 mg, intramuscularly. 

When patients arrived in the operating room two 
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large-bore intravenous lines, a 20-gauge radial arterial 
catheter, and an Opticath pulmonary arterial catheter 
were placed percutaneously in sequence utilizing 
standard aseptic technique and local infiltration with 
1% lidocaine. Patients were anesthetized with diaze- 
pam, 0.4 + 0.1 mg/kg, morphine sulfate, 1.0 + 0.2 
mg/kg, 50% nitrous oxide/oxygen, and intermittent 
enflurane in low inspired concentrations. The inspired 
oxygen concentration was kept constant between suc- 
cessive paired measurements, and a Perkin-Elmer 
mass spectrometer was used to measure end-tidal 
oxygen, carbon dioxide, and enflurane tensions. 

- Intravascular pressures, heart rate and rhythm, car- 
diac output (triplicate thermodilution) and derived 
parameters, in vivo Svo, (Opticath), two in vitro Svo, 
values (American Optical Unisat Oximeter and Ra- 
diometer OSM-II Hemoximeter), arterial blood gas 
tensions, and hematocrit were determined simulta- 
neously at each study interval. Intravascular pressures 
were measured with Statham P50 transducers and all 
data recorded on a Gould-Brush multichannel re- 
corder. In vivo Svo, values were recorded continu- 
ously on the strip chart recorder built into the Oxi- 
metrix instrument. 

Control measurements were made while the pa- 
tients were awake, and serial measurements were 
made following anesthetic induction and tracheal in- 
tubation, just before skin incision, following median 
sternotomy, during placement of cardiopulmonary 
bypass circuit cannulae, after discontinuation of car- 
diopulmonary bypass, and at any time during the 
procedure when in vivo Svo, values increased or 
decreased by 5% or more. 

The Opticath was evaluated to determine the time 
required for insertion, the frequency of difficulties 
during insertion or use, and the incidence of compli- 
cations. The system was evaluated throughout surgery 
and for 12 to 24 hours in the postoperative intensive 
care unit. Multiple blood samples were drawn to 
compare the in vitro and in vivo 5Vo, measurements 
throughout both the operative and intensive care 
phases of the study. Linear regression analysis was 
used to compare Svo, determined by the Opticath 
with Svo, measurements using the two in vitro ox- 
imeters, and to correlate changes in in vivo SVo, 
values with hemodynamic changes. 


Results 


The Opticath was inserted successfully in all 13 
patients without the aid of fluoroscopy. The catheter 
felt relatively stiff in handling compared with other 
thermodilution pulmonary arterial catheters, presum- 


ably because of its fiberoptic bundles. Less than 3 
minutes was required to pass the catheter from the 
superior vena cava to the wedge position in 10 of the 
13 patients. This sequence required 3, 5, and 10 
minutes, respectively, in the three others, who were 
the first three patients in the series. Premature ven- 
tricular contractions were observed in six of the 13 
patients. In four patients, these were frequent and 
multifocal and were successfully treated with intra- 
venous lidocaine (1 mg/kg). There were no other 
catheter-related complications in this series. There 
was one equipment malfunction, and therefore, the 
results of only 12 patients are presented; the one 
patient dropped from the study was deleted due to 
failure of the optical module. In the remaining 12 
patients, the oximeters and catheters functioned nor- 
mally throughout the study and for the next 12 to 24 
hours after surgery in the intensive care unit. 

There was a good correlation between the Svo, 
determined by the Opticath and that measured by the 
American Optical (r = 0.92, n = 99) and Radiometer 
(r = 0.89, n = 99) oximeters (both p < 0.001; Fig 1, 
top and middle). There was also an excellent corre- 
lation between the two in vitro oximeters (r = 0.93, n 
= 99); (Fig 1, bottom). This was true for the range of 
Svo, values from 60% to 95%, measured with hema- 
tocrits of 20% to 42%, 

Changes in Svo, values also correlated with hemo- 
dynamic changes. There was a highly significant pos- 
itive correlation between increases or decreases in 
SVo, values =5% and corresponding changes in car- 
diac index (r = 0.69; Fig 2), stroke index (r = 0.67), 
and left ventricular stroke work index (r = 0.58, all p 
< 0.001). 

There were 39 instances during the study when 
SVo, values changed by 5% or more. Eighteen of the 
21 (86%) decreases in Svo, were accompanied by 
corresponding decreases in cardiac index, and 14 of 
the 18 (78%) Svo, increases were also accompanied by 
increased cardiac index. In vivo SVo, values did not 
correlate with changes in mean arterial pressure, heart 
rate, pulmonary capillary wedge pressure, or systemic 
vascular resistance (Table). 


Discussion 


These data demonstrate that the Opticath system 
used during surgery provides accurate, on-line, in 
vivo Svo, measurements. The accuracy obtainable 
with this instrument is satisfactory for clinical use, 
and the equipment appears to be reliable. Calibration 
and set-up of the oximeter required less than 5 min- 
utes. 
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FIBEROPTIC CATHETER OXIMETER 


The Oximetrix oximeter was originally used to 
measure in vivo arterial oxygen saturation in sick, 
newborn infants via a companion #4 French, 2-lumen 
umbilical artery catheter. Wilkinson et al (1-3) noted 
stable oximeter performance and a high correlation 
(r = 0.97) with cuvette oximeter readings when they 
used the instrument in the intensive care unit and 
during immediate postnatal resuscitation of as- 
phyxiated infants. 

The concept that cardiac output affects arterial and 
venous blood oxygen content is widely accepted (4- 
6). In 1967, Kelman et al (7) pointed out that a decrease 
in cardiac output in the face of constant oxygen 
consumption leads to an increase in oxygen extraction 
from the blood, and therefore, a reduction in mixed 
venous blood oxygen content. Therefore, SVo, values 
decline as cardiac output is reduced. If arterial oxy- 
genation is maintained and oxygen consumption does 
not change markedly during anesthesia, changes in 
Svo, values should reflect changes in cardiac output. 

This relatively simple physiologic relationship can- 
not be used clinically when SVo, values must be 


A C.l. (L/min/M2) 
1.5 





. * -2.0 


y = 0.06853(x) — 0.13189 
r = 0.694, p< 0.001 


Fia 2. Correlation of on-line S¥o, changes measured by Opti- 
cath with corresponding changes in cardiac index. There were 
39 instances during study when SVo, values changed by 5% or 
more, declining 21 times and increasing 18 times. Cardiac index 
did not change in same direction in only seven instances. 
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FIG 1. Oxygen saturation as measured by three oximeters. 
There was good correlation between SVp, values measured by 
Opticath and American Optical (top) and Radiometer (middle) 
oximeters, as well as between Radiometer and American Optical 
oximeters (bottom). 
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TABLE 


Hemodynamic Data and SV>, Changes during Cardiac Surgery* 


increased SVo, (N = 18) 


Decreased SVa, (N = 21} 


Control 25% T So, Control 25% | Svo, 
SVa, (%) 74.7 + 6.3 81.9 + 6.0 79.9 + 4.8 71.3 + 4.2 
MAP (mm Hg) 85.4 + 14.0 86.6 + 10.3 77.0 + 20.6 81.6 + 14.5 
HR (beats/min) 78.8 + 15.3 80.9 + 8.4 78.8 + 10 82.4 + 25.0 
PA (mm Hg) 18.8 + 5.6 18.3 + 4.5 15.8 + 3.7 16.0 + 5.1 
PCWP (mm Hg) 11.1 + 3.1 11.7 + 3.4 9.7 + 2.8 96 + 3.1 
CVP (mm Hg) 8.6 + 23 8.1 + 3.1 8.1 + 3.1 8.1 + 3.6 
Cl (L/min/m?) 2.30 + 0.53 2.63 + 0.50ł 2.62 + 0.73 1.94 + 0.58 
SI (ml/m?) 30.0 + 8.0 32.5 + 6.6+ 33.4 + 8.7 24.7 + 7.2+ 
LVSWI (gH/m/m?) 30.4 + 9.4 32.0 + 9.4+ 32.7 + 9.5 24.5 + 8.7ł 
SVR (dyne-sec-cm~) 1391.5 + 463.7 1211.3 + 340.2 1209.9 + 362.8 1623.9 + 528.0 
HCT (%) 30.5 + 5.4 31.2 + 6.1 31.8 + 9.1 32.1 + 6.7 
Pao, (mm Hg) 243.5 + 103.8 259.0 + 84.7 185.4 + 103.0 202.9 + 983.0 
Paco, (mm Hg) 40.5 + 5.0 44.1 + 55 39.1 + 4.7 87.4 + 4.7 
PVo, (mm Hg) 41.5 + 6.5 45.6 + 7.3 40.9 + 10.2 36.7 + 4.2 


* Values are means + SD. Abbreviations used are: SVo,, mixed venous oxygen saturation; MAP, mean arterial pressure; HR, 
heart rate; PA, mean pulmonary artery pressure; PCWP, pulmonary capillary wedge pressure; CVP, central venous pressure; Cl, 
cardiac index; SI, stroke index; LVSWI, left ventricular stroke work index; SVR, systemic vascular resistance; HCT, hematocrit; 
Pao,, arterial oxygen tension; Paco, arterial carbon dioxide tension, PVo,, mixed venous oxygen tension. 


t Correlation with S¥o, change significant, p < 0.001. 


measured from discreet blood samples drawn from a 
pulmonary arterial catheter and analyzed in a remote 
laboratory. The Opticath, which utilizes soft plastic 
catheters as light guides and light-emitting diodes as 
light sources, updates the Svo, measurement every 
second, Therefore, it is possible to use SVo, determi- 
nations as an early clue to large changes in cardiac 
output. 

In 1973, Martin et al (8) reported accurate in vivo 
Vo, Measurements utilizing an earlier catheter ox- 
imeter system. Although these authors suggested that 
the changes in Svo, that they saw represented changes 
in cardiac output, they could not confirm this, as they 
did not measure cardiac output in their patients. Our 
study documents a highly significant correlation be- 
tween changes in Svo, values and changes in cardiac 
output and other hemodynamic variables in cardiac 
surgical patients. This correlation, although statisti- 
cally highly significant, is not so strong that clinically 
reliable quantitative inferences can be made from the 
SVo, changes alone. However, when Svo, values de- 
creased by 5% or more, there was an 86% probability 
in our study that cardiac index had also decreased. 
Therefore, decreases in in vivo values of Svo, can 
provide an early qualitative warning of substantial 
hemodynamic deterioration, and guide the physician 
in determining when to make cardiac output meas- 
urements and alter therapy. 


This study demonstrates the reliability of the Op- 
ticath system, and the strong probability that changes 
in Svo, represent corresponding hemodynamic 
changes. This system appears to have potential appli- 
cations for monitoring patients with low cardiac out- 
put states or other forms of cardiac or respiratory 
insufficiency both in the operating room and intensive 
care units. 
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Low-Dose Fentanyl Blunts Circulatory Responses to 
Tracheal Intubation 
Donald E. Martin, MD,* Henry Rosenberg, MD,f Stanley J. Aukburg, MD,ł 
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MARTIN, D. E., ROSENBERG, H., AUKBURG, S. J., BARTKOWSKI, R. R., EDwarps, M. W., JR., GREENHOW, D. E., AND 
KLINEBERG, P. L.: Low-dose fentanyl blunts circulatory responses to tracheal intubation. Anesth Analg 1982;61:680-- 
4. 


The effect of fentanyl, 8 g/kg, used as an adjunct to thiopental for induction of anesthesia, on the circulatory 
response to tracheal intubation was investigated in 36 patients undergoing major vascular surgery. Patients were 
randomly assigned to receive either thiopental, 6 mg/kg, alone (N = 18), or thiopental, 3 mg/kg, along with fentanyl, 
8 ng/kg (N = 18), for induction of anesthesia. The electrocardiogram, arterial pressure, pulmonary capillary wedge 
pressure, cardiac output, and central venous pressure were measured during induction of anesthesia, laryngoscopy, 
and intubation. Mean arterial blood pressure increased more following intubation in patients given thiopental than in 
patients given fentanyl-thiopental, reaching a peak value of 144 + 4 torr in patients receiving thiopental only, 
compared with 108 + 6 torr in those receiving fentany! and thiopental (p < 0.0001). Increases in systolic blood 
pressure, diastolic blood pressure, and pulmonary capillary wedge pressure with intubation were also significantly 
greater following administration of thiopental than following fentany!-thiopental. Doses of fentanyl that are low enough 
to cause little postoperative respiratory depression significantly blunt postintubation hypertension when used as an 


adjunct to thiopental. 


Key Words: INTUBATION: tracheal; ANESTHETIC TECHNIQUES: laryngoscopy; ANALGESICS: fentanyl. 





ARYNGOSCOPY and tracheal intubation after 

induction of anesthesia with thiopental are fre- 
quently associated with severe hypertension. In- 
creases in mean arterial pressure from 20 to 40 torr 
when compared with awake control levels (1-3), and 
. 35 to 60 torr when compared with preintubation 
values (1-4), have commonly been reported after 
placement of an endotracheal tube. This postintuba- 
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tion hypertension is particularly severe in patients 
with preoperative hypertension and cardiovascular 
disease. Mean blood pressure increased an average of 
52 torr following intubation in a series of 14 hyper- 
tensive patients undergoing aortic bifurcation grafting 
(5). 

Lunn et al (6) have shown that an induction dose of 
fentanyl, 50 ug/kg, abolished the increase in blood 
pressure and heart rate associated with tracheal intu- 
bation in a series of patients undergoing coronary 
artery surgery. More recently, Bennett and Stanley (7) 
have observed a similar effect of as little as 4 ug/kg 
of fentanyl given after a 10-minute N2O-Os2 induction 
in presumably normotensive general surgical patients. 
Neither of these groups, however, examined the effect 
of fentanyl during a rapid barbiturate induction. 
Therefore, we undertook a prospective, randomized 
study to determine the effect on postintubation hy- 
pertension of “low” doses of fentanyl when used as 
part of a thiopental-relaxant induction. The study was 
conducted in patients with vascular disease who, 
therefore, were at increased risk of postintubation 
hypertension. 


me... 


MARTIN ET AL 


Methods 


Thirty-six patients undergoing major vascular sur- 
gery were studied with their informed consent and 
the approval of the Committee on Studies involving 
Human Beings. — 

Premedication consisted of morphine, 0.1 mg/kg, 
and either atropine, 0.007 mg/kg, for the 20 patients 
undergoing carotid endarterectomy, or scopolamine, 
0.007 mg/kg, for the 16 patients undergoing aortic 
bifurcation grafting. Before surgery, patients undergo- 
ing each procedure were randomly assigned to one of 
two treatment groups. 

All patients first breathed 100% oxygen for 60 
seconds, then received thiopental, 3 mg/kg, followed 
by pancuronium, 0.1 mg/kg. Then the 18 patients in 
group I received fentanyl, 8 ug/kg, over 2 minutes 
beginning 1 minute after they received thiopental. 
The 18 patients in group II received another dose of 
thiopental, 3 mg/kg, 3 minutes after their first dose 
and before laryngoscopy. 

Laryngoscopy was begun 4 minutes after pancuro- 
nium was given, and was followed by placement of 
an endotracheal tube lubricated with sterile surgical 
lubricant. containing no local anesthetic. After intu- 
bation, anesthesia was maintained with 50% NO in 
Oz for 4 minutes, the remainder of the study period. 
After the study period, the anesthetics used were not 
controlled. 

Electrocardiogram lead Vs, direct arterial pressure, 
and central venous pressure were measured in all 
patients. Pulmonary capillary wedge pressure (PCWP) 
and thermodilution cardiac output (in duplicate) were 
measured in the patients undergoing aortic bifurca- 
tion grafting. Heart rate; systolic, diastolic, and mean 
arterial pressures; PCWP; central venous pressure; 
cardiac index; stroke volume index; left ventricular 
stroke work index; and systemic vascular resistance 
were compared between group I and II patients at 
four time periods: (a) awake and unstimulated, (b) 30 


TABLE 1 
Patient Characteristics* 


to 90 seconds before intubation at the time when 
blood pressure was lowest, (c) 30 to 90 seconds after 
intubation at the time when blood pressure was high- 
est, and (d) 4 minutes after intubation when the 
hemodynamics had stabilized. 

Hypotension was defined as a mean blood pressure 
less than 80% of a patient’s preoperative mean blood 
pressure or 75 torr, whichever was lower. Ephedrine, 
5 mg IV, was used to treat hypotension of this degree. 
Hypertension was defined as a mean blood pressure 
greater than 120% of a patient’s preoperative mean 
blood pressure, or 120 torr, whichever was higher. 
Trimethaphan, given intravenously in 1-mg incre- 
ments, was used to treat hypertension. The incidence 
of hypotension and hypertension requiring treatment 
was recorded and compared between treatment 
groups. 

The incidence of arrhythmias after intubation was 
compared between groups. An arrhythmia was de- 
fined as any ventricular or supraventricular premature 
beat or any sustained rhythm other than sinus. Ar- 
rhythmias were considered related to intubation if 
they appeared for the first time or increased in fre- 
quency by at least 4 beats per minute in the 2 minutes 
following intubation. Data were initially examined 
using multivariate analysis. Where variance was 
found, either Student’s t-test, for parametric data, or 
the chi-square test, for nonparametric data, was used 
to determine the significance of differences between 
the two treatment groups, with p < 0.05 considered 
statistically significant. 


Results 


Patients in the two groups did not differ signifi- 
cantly in weight, preoperative blood pressure or pulse, 
the incidence of preoperative propranolol therapy, or 
the incidence of a diagnosis of hypertension, angina, 
or congestive heart failure in their medical records. 
The duration of laryngoscopy was similar in both 
patient groups (Table 1). The mean age of the patients 


Patients with 


. f Duration of 
Aget Weightt Mean BPt Pulset PCWPt Mie cla laryngoscopyt 
yr kg beats/min torr Sec 
Group I (fentanyl-thiopental) l 68.3 4 1.5 67.7 + 2.3 105 £2.6 74.8 t 3.1 13.1 +11.2 10 27 + 10 
Group II (thiopental only) 63.2 + 1.4§ 74.2+24 100429 82.7 +3.6 19.1 +40.9 12 29+8 


* Values are means + SEM. Abbreviations used are: BP, blood pressure; PCWP, puimonary capillary wedge pressure. 


+ N = 18 for groups | and Il. 
+ N = 8 for groups | and group Il. - 
§ p < 0.05. 
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Fig 1. Mean arterial pressure during induction of anesthesia 
and tracheal intubation in patients receiving both thiopental and 
fentanyl (group |) or thiopental only (group Il). 


given fentanyl-thiopental was 68 years compared with 
63 years in those given thiopental. 

With induction of anesthesia, mean blood pressure 
decreased to a similar extent in both groups (Fig 1). 
The number of patients receiving ephedrine and the 
doses of ephedrine used were similar in both patient 
groups. Seven patients given fentanyl-thiopental and 
four patients given thiopental alone required ephed- 
rine to treat hypotension before intubation (p > 0.2). 
Patients receiving thiopental only, however, reacted 
to intubation significantly differently than those in- 
tubated following administration of fentanyl and thio- 
pental. Mean blood pressure increased to 108 + 6 torr 
after fentanyl-thiopental, 3 torr above awake control 
and significantly (p < 0,0001) lower than the value of 
144 + 4 torr found in patients given thiopental. Fifteen 
patients given thiopental received trimethaphan to 
treat postintubation hypertension, an average dose of 
4.3 + 1.5 mg/patient. Three of the patients receiving 
thiopental and fentanyl required trimethaphan, an 
average dose of 0.4 + 0.3 mg/patient (p < 0.05). 

Heart rate increased slightly with induction of an- 
esthesia and administration of pancuronium in both 
groups (Fig 2). Following intubation, the absolute 
value of the heart rate was significantly greater after 
thiopental than after fentanyl-thiopental (p < 0.05). 
The increase in heart rate with tracheal intubation, 
however, was not significantly different between the 
two groups. 

PCWP increased with laryngoscopy and intubation 
after thiopental from an awake value of 10 + 1 torr to 
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Fic 2. Heart rate during induction of anesthesia and tracheal 
intubation. 
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Fia 3. Pulmonary capillary wedge pressure (PCWP) during in- 
duction of anesthesia and tracheal intubation. Absolute values 
of PCWP did not differ significantly between treatment groups 
at any time. 


AWAKE PRE— 
INTUB. 


18 + 2 torr. After fentanyl-thiopental, however, post- 
intubation PCWP did not exceed the awake value of 
13 + 2 torr (Fig 3). The increase in the PCWP with 
intubation was significantly (p < 0.05) greater in 
patients given thiopental than in those given fentanyl- 
thiopental (Fig 4). 

Differences between the two groups in cardiac in- 
dex, stroke volume index, left ventricular stroke work 
index, systemic vascular resistance, and central ve- 
nous pressure did not reach statistical significance 
(Table 2). Further, there were no statistically signifi- 
cant differences in any hemodynamic variables be- 
tween those patients, within each treatment group, 
who did or did not have a preoperative history of 
hypertension. 

Three of the patients given thiopental and one of 
those given fentanyl-thiopental had arrhythmias re- 
lated to intubation. None of the arrhythmias required 


«Qo 
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treatment. Chest wall rigidity was not noted following 
fentanyl-thiopental. All patients given fentanyl-thio- 
pental were extubated in the operating room and did 
not require reintubation. The highest postoperative 
Poo, value in any patient was 47 torr. No anesthetic 
complication was observed in either group of patients. 


Discussion 


Postintubation pressor responses have been asso- 


90 
Group | 
80 (FENTANYL—THIOPENTAL) 
Ya Group Il 
70 HAA THIOPENTAL) 
MEANSS.E. 
60 
p<.0001 
N=18 


INCREASE IN MEAN BLOOD PRESSURE, P.C.W.P.(TORR) 





MEAN B.P. 


P.CW.P, 

Fig 4. Elevation of the mean arterial pressure and PCWP fol- 
lowing tracheal intubation, compared with preinduction levels, 
plotted for patients in both treatment groups. 


ciated with ST segment changes (4), ventricular ar- 
rhythmias (4), pulmonary edema (8), and rupture of 
cerebral aneurysms (8). Some authors, in fact, con- 
sider the intubation period one of the periods of 
greatest risk in surgical patients with coronary artery 
disease (9). 

Various methods to attenuate the sympathetic re- 
sponse to laryngoscopy have been studied. King et al 
(10) found that deep ether anesthesia abolished the 
response, but in a more recent study in hypertensive 
patients Prys-Roberts et al (4) found that the pressor 
response was not completely blocked by 1% halothane 
given for 5 to 10 minutes and occurred with all the 
induction agents studied. 

Topical anesthesia of the pharynx along with su- 
perior laryngeal nerve blocks reduced the increase in 
mean arterial pressure after intubation from approx- 
imately 45 to 22 torr in one series (11), whereas 
intratracheal lidocaine spray caused a 50% reduction 
in this hypertensive response in a more recent series 
of cardiac patients (12). Stoelting (3), further, found 
that intravenous lidocaine alone, or the combination 
of viscous lidocaine and topical intratracheal lido- 
caine, was more effective in blunting the hypertensive 
response than intratracheal lidocaine alone, especially 
if laryngoscopy required more than 15 seconds (1). 
Most recently, Stoelting (2) effectively used a bolus 
of nitroprusside to limit the increase in mean blood 
pressure after intubation to 13 to 18 torr when com- 
pared with awake control values. However, this, tech- 
nique did not block the development of tachycardia. 

This study demonstrates a statistically significant 
reduction in postintubation hypertension, tachycar- 
dia, and PCWP elevation when fentanyl, 8 pg/kg, is 


TABLE 2 
Hemodynamic Changes with Intubation* 
Treatment ; n immediate post- Stable post- 
groúp Awake contro! Before intubation intubation intubation 
Cardiac index (L/min/m*) F+ 3.0 + 0.1 2.3 x 0.2 2.7 + 0.2 2.5 + 0.3 
Tt 3.0 + 0.2 2.6 + 0.1. 3.1 ot 02 3.0 + 0.2 
Stroke volume index (ml/m?/beat) Ff 42 + 31 + 3 32 + 2 33 + 2 
Tt 37 + 3838 +2 33 + 2 32 + 2 
Left ventricular stroke work index (g. F+ 63 + 29 + 5 43 + 4 37 + 3 
meter/ m°) T£ 49 + 37 + 4 54 + 5 46 + 4 
Systemic vascular resistance (dynes- Ft 1484 + 1378 + 118 1737 + 150 1529 + 96 
sec/cm?) Tt 1396 + 124 1286 + 79 1776 + 77 1429 + 125 
Central venous pressure (torr) F§ 7.1 + 0.7 7.9 + 0.8 8.1 + 0.9 6.6 + 0.8 
Ti 71+: 0:6 7.7 + 0.6 7.6 + 0.8 6.1 + 0.9 


* Values are means + SEM. There were no significant differences between treatment groups in any variable. 


+ Fentanyl-thiopental group, N = 8. 
+ Thiopental group, N = 8. 

§ Fentanyl-thiopental group, N = 18. 
{| Thiopental group, N = 18. 
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ued as an adjunct to a thiopental induction in patients 
with vascular disease. The use of fentanyl provides 
an alternative to intravenous lidocaine, topical lido- 
caine, deep inhalation anesthesia, or intravenous so- 
dium nitroprusside, when it is necessary to blunt the 
cardiovascular responses to tracheal intubation in 
these patients. 

Narcotics may block afferent nerve impulses re- 
sulting from stimulation of the pharynx and larynx 
during intubation. Atweh and Kuhar (13) have found, 
using autoradiographic techniques in the rat, high 
concentrations of opiate receptors in the solitary nu- 
clei and the nuclei of the 9th and 10th cranial nerves, 
associated with the visceral afferent fibers of these 
nerves which originate in the pharynx and larynx. 
Further, vagal motor nuclei involved in monosynaptic 
pharyngeal and laryngeal motor reflexes also have a 
high concentration of opiate receptors. These recep- 
tors provide a possible mechanism for the antitussive 
effects of narcotics, as well as the blunting of the 
response to laryngeal stimulation we observed in this 
study. 

Mean arterial pressure decreased with induction of 
anesthesia in both groups of patients in the present 
study. The magnitude of this decrease was dose de- 
pendent, and, indeed, relative doses of thiopental and 
fentanyl were chosen that resulted in similar degrees 
of cardiovascular depression in each treatment group 
(Fig 1). 

It has been established that, in a general patient 
population, preoperative untreated hypertension, es- 
pecially associated with a preoperative diastolic blood 
pressure greater than 110 torr, can lead to labile 
intraoperative blood pressure (4). In our more limited 
patient population consisting entirely of patients with 
vascular disease, however, no significant association 
was found between the hemodynamic responses to 
induction of anesthesia or tracheal intubation and 
either a preoperative history of hypertension or the 
preoperative blood pressure. It could be that all our 
patients, regardless of their preoperative history, had 
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vascular changes characteristic of hypertension, and 
responded to anesthesia accordingy. 

We conclude that the use of fentanyl as an adjunct 
to a thiopental-relaxant induction is a rapid, effective, 
practical way to protect patients with cardiovascular 
disease from the stress otherwise associated with tra- 
cheal intubation. 


REFERENCES 


1. Stoelting RK. Blood pressure and heart rate changes during 
short-duration laryngoscopy for tracheal intubation: influence 
of viscous or intravenous lidocaine. Anesth Analg 1978;57:197- 
9. 

2. Stoelting RK. Attenuation of blood pressure response to lar- 
yngoscopy and tracheal intubation with sodium nitroprusside. 
Anesth Analg 1979;58:116-9. 

3. Stoelting RK. Circulatory changes during direct laryngoscopy 
and tracheal intubation: influence of duration of laryngoscopy 
with or without prior lidocaine. Anesthesiology 1977;47:381-3. 

4. Prys-Roberts C, Greene LT, Meloche R, Foex P. Studies of 
anaesthesia in relation to hypertension. I. Haemodynamic 
consequences of induction and endotracheal intubation. Br J 
Anaesth 1971;43:531-46. 

5. Bartkowski RR, Aukburg SJ, Greenhow DE, et al. Comparing 
anesthetic techniques during aortic cross clamp. Anesthesiol- 
ogy 1979;51:5136. 

6. Lunn JK, Stanley TH, Eisele J, Webster L, Woodward A. High 
dose fentanyl anesthesia for coronary artery surgery: plasma 
fentanyl concentrations and influence of nitrous oxide on 
cardiovascular responses. Anesth Analg 1979;58:390-5., 

7. Bennett GM, Stanley TH. Human cardiovascular responses to 
endotracheal intubation during morphine-nitrous oxide and 
fentanyl-nitrous oxide anesthesia. Anesthesiology 1980;52: 
520~2. 

8. Fox EJ, Sklar GS, Hill CH, Villanueva R, Ring BD, Complica- 
tions related to the pressor response to endotracheal intubation. 
Anesthesiology 1977;47:524-5. 

9. Roy WL, Edelist G, Gilbert B. Myocardial ischemia during 
non-cardiac surgical procedures in patients with coronary ar- 
tery disease. Anesthesiology 1979;51:393~7. 

10. King BD, Harris LC, Greifenstein FE, Elder JD, Dripps RD. 
Reflex circulatory responses to direct laryngoscopy and tra- 
cheal intubation performed during general anesthesia. Anes- 
thesiology 1951;12:556-66, 

11. Wycoff CC. Endotracheal intubation: effects on blood pressure 
and pulse rate. Anesthesiology 1960;21:153-8. 

12. Denlinger JK, Ellison NE, Ominsky AJ. Effects of intratracheal 
lidocaine on circulatory responses to tracheal intubation. Anes- 
thesiology 1974;41:409-12. 

13. Atweh SF, Kuhar MJ. Autoradiographic localization of opiate 
receptors in rat brain. I. Spinal cord and lower medulla. Brain 
Res 1977;124:53-67. 


ad 


ANESTH ANALG 
1982;61:685-8 


Cardiovascular Effects of Ketamine following 
Administration of Aminophylline in Dogs 
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STIRT, J. A., BERGER, J. M., Roe, S. D., RICKER, S. M., AND SULLIVAN, S. F.: Cardiovascular effects of ketamine 
following administration of aminophylline in dogs. Anesth Analg 1982;61:685-8. 


The induction of halothane anesthesia following intravenous administration of aminophylline may cause ventricular 
arrhythmias. Ketamine has been recommended for anesthesia induction and maintenance in patients with asthma. 
This study was designed to determine whether induction and maintenance of ketamine anesthesia following intravenous 
aminophylline is arrhythmogenic in dogs. One group of six dogs was anesthetized with intravenous ketamine, 5 mg/ 
kg, followed by infusion of 5 mg/kg/hr. Three additional groups of six dogs were given intravenous aminophylline, 10, 
25, and 50 mg/kg, respectively, followed 3 minutes later by intravenous ketamine, 5 mg/kg, and a 5 mg/kg/hr 
ketamine infusion. No arrhythmias occurred at any time in any animal. Ketamine use following aminophylline would 


appear to lack arrhythmogenic potential and may be advantageous in the clinical setting. 


Key Words: PHARMACOLOGY: aminophylline; ANESTHETICS, Intravenous: ketamine. 


ETAMINE decreases airway resistance in asth- 

matic patients (1) and has been recommended 

for use as an anesthetic in patients with bronchospasm 

(2). A recent study (3) concluded that “ketamine may 

be the agent of choice for induction of anesthesia in 
asthmatic patients ... .” 

Aminophylline, a mainstay in the treatment of pa- 
tients with asthma and bronchospasm, is often ad- 
ministered before or during anesthesia induction in 
such patients. Anesthesia induction following ami- 
nophylline administration has been associated with 
ventricular arrhythmias in animals (4) and man (5, 6), 
and increased arrhythmogenicity following ketamine 
has been described (7). _ 

As there have been no reports of the combined 
actions of aminophylline and ketamine, we performed 
this study to determine the cardiovascular effects of 
ketamine anesthesia induction following administra- 
tion of aminophylline. 
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Methods and Materials 


The University of California, Los Angeles Medical 
Center’s guide for the care and use of laboratory 
animals was followed. 

The experiment consisted of four parts. Six differ- 
ent dogs (a total of 24) were used in each of the four 
parts. 


Part 1 (Control) 


Six mongrel dogs (average weight 21 kg) were given 
thiopental, 20 mg/kg IV, followed by succinylcholine, 
1 mg/kg IV. Tracheal intubation was performed im- 
mediately with a cuffed orotracheal tube, an airtight 
seal was produced, and the animals were ventilated 
with a Harvard animal respirator delivering air at 12 
breaths per minute. Tidal volume was adjusted to 
produce an end-tidal COs of 4.5% as measured by an 
on-line gas mass spectrometer (Perkin-Elmer MGA- 
1000). No further changes in respirator settings were 
made during the study. A lead II electrocardiogram 
was attached and recorded throughout the study. 

A femoral arterial catheter was placed and attached 
to a pressure transducer (Bentley Trantec), and sys- 
tolic, diastolic, and mean arterial pressures were re- 
corded throughout the study. Heart rate was meas- 
ured from the blood pressure tracing. A peripheral 
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venous catheter was inserted and 0.9% NaCl infused 
at 100 ml/hr. 

When these preparations had been completed, be- 
tween 10 and 15 minutes after beginning controlled 
ventilation, an arterial blood sample was drawn from 
the femoral artery for analysis of oxygen (Po,) and 
carbon dioxide (Pco,) tensions and serum pH. Three 
minutes later, a second control arterial blood sample 
was obtained and analyzed for blood gas tensions and 
pH. 

One minute after the second blood sample, keta- 
mine, 5 mg/kg IV, was administered over 30 seconds, 
and a 5 mg/kg/hr ketamine infusion was begun. 
Arterial blood samples were obtained 2, 5, 10, 15, and 
30 minutes after ketamine was begun, and analyzed 
for Oz and CO; tensions and pH. 


Part 2 


The same protocol was followed as in part 1, except 
that 1 minute following the initial blood sample, 
aminophylline (theophylline ethylenediamine, Inve- 
nex), 10 mg/kg, was infused intravenously over 1 
minute. The second blood sample was obtained 1 
minute after completion of aminophylline administra- 
tion and analyzed as described above, with serum 
theophylline levels determined in duplicate by ho- 
mogenous enzyme immunoassay (EMIT, Syva, Palo 
Alto, CA), in which competitive protein binding was 
determined spectrophotometrically using a labeled 
enzyme and specific binding antibody (8). The re- 
mainder of the protocol was as in part 1, with serum 
theophylline concentrations being determined in all 
subsequent samples. 


Part 3 


The same protocol was followed as in part 2, except 
that the aminophylline dose was 25 mg/kg. 


Part 4 


The same protocol was followed as in part 2, except 
that the aminophylline dose was 50 mg/kg. 

Values reported are means + SE; Student’s t-test 
was used to determine the significance of differences 
from control values before aminophylline administra- 
tion. 


Results 


No arrhythmias occurred in any animal at any time 
in any of the four parts. Peak serum theophylline 
levels in each animal are shown in Table 1. There 
were no significant differences between groups of 
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animals in any of the four parts in initial heart rate or 
blood pressure. 

Heart rate increased significantly following ami- 
nophylline administration at each dose level (Table 
2). In the control animals, heart rate increased follow- 
ing administration of ketamine, the increase becoming 
significant 15 minutes after ketamine was begun. In 
the animals in parts 2, 3, and 4, heart rate remained 
elevated significantly following ketamine. 

Mean arterial blood pressure decreased signifi- 
cantly following administration of aminophylline, 50 
mg/kg (Table 3). Blood pressure increased signifi- 
cantly in control animals 10 minutes following ad- 
ministration of ketamine, and increased significantly 
2 minutes following ketamine in the group given 10 
mg/kg of aminophylline. Blood pressure gradually 
increased after ketamine in the groups given 25 and 
50 mg/kg of aminophylline, returning to control lev- 
els after 25 mg/kg at 30 minutes after ketamine 
administration. 

In the control group, mean arterial blood gas ten- 
sions before ketamine were: Po, 87 + 3.8 torr, Pco, 
35.0 + 0.7 torr, and pH 7.38 + 0.02. No significant 


TABLE 1 


Peak Serum Theophylline Level (mg/L) in Each Animal 1 
Minute following Aminophylline Infusion 








Aminophylline 
Animal no. 
10 mg/kg 25 mg/kg 50 mg/kg 
1 26 59 68 
2 18 74 68 
3 26 51 106 
4 24 47 102 
5 32 41 148 
6 26 54 150 
TABLE 2 


Heart Rate (beats/min) before and after Ketamine 
Anesthesia following Administration of Aminophyiline* 





iiensura® Aminophylline 
Control 

ment 10mg/kg  25mg/kg  50mg/kg 
1 168 +10 170414 17048 170 +10 
2 166 +10 214418 236411¢ 236+ 11t 
3 176+11 2386+17¢ 246+ 8f 248 + 4+ 
4 180 +11 228419+ 2344 7+ 246+ 5t 
5 157 +32 226+ 16+ 230 + 7+ 246 + St 
6 198+9+ 232+9t  224+8+ 248+ 5+ 
7 208+ 8+ 238+2ł  204+13ł 224+ 11+ 


ia ni i gi 

* Values are means + SE. In control animals, measurements 1 and 2 
were made 4 and 1 minutes, respectively, before ketamine administration, 
and 3 to 7 were obtained 2, 5, 10, 15, and 30 minutes, respectively, after 
beginning ketamine. In animals receiving aminophylline, measurement 1 
was made 1 minute before aminophylline administration, 2 was obtained 
1 rrinute following aminophylline (1 minute before ketamine), and 3 to 7 
as in the control animals. No arrhythmias occurred in any animal at any 


at 
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TABLE 3 

Mean Arterial Blood Pressure (torr) before and after 
Ketamine Anesthesia following Administration of 
Aminophylline* 


lli 
Measure- Aminophylline 


Control 
ment 10mg/kg  25mg/kg 50 mg/kg 
1 11246 11346 108+6 127+8 
2 41746 11446 86+8 6429+ 
3 115+4 130+4+ 9443 838247f 
4 11844 12846 85+16 95+7t 
5 128 +3} 1830+8 1083+4 100+ 8+ 
6 18643} 14446¢ 10644 10548 
7 143 + 3f 149267 10844 111 + 12 





* Values are means + SE. In the control animals, measure- 
ments 1 and 2 were made 4 and 1 minute, respectively, before 
ketamine administration and 3 to 7 were obtained 2, 5, 10, 15, 
and 30 minutes, respectively, after beginning ketamine. In ani- 
mals receiving aminophylline, measurement 1 was made 1 min- 
ute before aminophylline administration, 2 was made 1 minute 
following aminophylline (1 minute before ketamine), and 3 to 7 
as in the control animals. 

t p = 0.05. 


change occurred following ketamine administration. 
Mean arterial blood gas tensions 2 minutes after 
beginning ketamine induction in the 18 animals given 
aminophylline were: Po, 85.1 + 2.6 torr, Pco, 33.8 + 
0.5 torr, and pH 7.40 + 0.01. No significant differences 
from control values were noted. 


Discussion 


In this study, ‘induction of ketamine anesthesia 
shortly after aminophylline administration did not 
produce cardiac arrhythmias. Aminophylline doses 
were identical with those found to be arrhythmogenic 
when followed by halothane anesthesia induction in 
a previous study (4). Successively larger doses of 
aminophylline were given, which resulted in serum 
theophylline concentrations considered therapeutic 
(approximately 10 to 20 mg/L) and arrhythmogenic 
(>20 mg/L) in conscious man (9). 

Heart rate following the combination of amino- 
phylline and ketamine increased significantly from 
control values and remained elevated for the duration 
of the studies. Aminophylline alone has been reported 
to increase heart rate in animals anesthetized with 
halothane (10, 11), and ketamine has also been shown 
to increase heart rate (12). Thus, cardioacceleration 
would be expected to result following the combina- 
tion of aminophylline and ketamine. No arrhythmias 
occurred, however, although the average heart rate 
following aminophylline and ketamine was 243 beats 
per minute, similar to an average of 244 beats per 


minute at the time ventricular arrhythmias occurred 
in animals anesthetized with halothane following 
aminophylline administration (4). 

In both the present and an earlier study (13), the 
magnitude of the decrease in blood pressure after 
aminophylline, 25 mg/kg and 50 mg/kg, was propor- 
tional to the dose of aminophylline. In this study the 
decrease was statistically significant following ami- 
nophylline, 50 mg/kg. 

Arterial Po,, Pco,, and pH following ketamine alone 
(control group), as well as after aminophylline and 
ketamine, were not significantly different from con- 
trol values, implying that during controlled ventila- 
tion, arterial oxygenation is unaffected by either ke- 
tamine alone or the combination of ketamine and 
aminophylline. However, ketamine has been shown 
to cause arterial hypoxemia when respiration is spon- 
taneous (14), and oxygen supplementation should 
probably be provided when ketamine is used during 
spontaneous ventilation. 

Aminophylline stimulates the synthesis and release 
of catecholamines (15, 16), and may also act by in- 
creasing intracellular cyclic adenosine 5’-monophos- 
phate (cAMP) (17). Catecholamines also increase 
cAMP (18). Ketamine has been shown to increase 
plasma catecholamine levels in man (19), and it causes 
release of catecholamines from peripheral tissue de- 
pots in both animals (20) and man (2). The broncho- 
dilating effect of ketamine has been attributed to 
increased plasma levels of endogenous catechol- 
amines (2). A cocaine-like effect of ketamine, pre- 
venting re-uptake of catecholamines, has also been 
reported (21, 22). 

Increased circulating levels of catecholamines after 
ketamine administration might be expected to poten- 
tiate the effects of aminophylline and result in cardiac 
arrhythmogenicity. Indeed, ketamine enhances the 
arrhythmogenicity of epinephrine (7), although this 
was determined in a study in which 1% halothane and 
60% nitrous oxide were administered throughout the 
experimental procedure. Several other investigators 
(23-25) have reported the opposite result, namely, 
that ketamine appears to have antiarrhythmic effects. 
Our results are consistent with the latter reports which 
demonstrate an antiarrhythmic effect of ketamine. 

Ketamine is seldom used as the sole anesthetic, 
often being administered in conjunction with NeO. 
Previous work in dogs (24) has demonstrated a pressor 
effect of ketamine, 5 mg/kg, when given during 66% 
N2O in Os. The magnitude of blood pressure eleva- 
tion in that study (24) was similar to that seen in the 
control group in our experiments. Whether amino- 
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phylline and ketamine would prove arrhythmogenic 
during N2O anesthesia cannot be definitively shown 
from our study, but we would predict that the addition 
of N20 would not alter substantially the findings we 
report above. 

In summary, a previous study (4) showed that 
halothane anesthesia induction following intravenous 
administration of aminophylline caused ventricular 
arrhythmias in 33% of the animals studied, even with 
serum theophylline levels considered therapeutic and 
not arrhythmogenic in conscious man. In contrast, the 
results of this study indicate that the induction and 
maintenance of ketamine anesthesia following intra- 
venous administration of 10, 25, or 50 mg/kg of 
aminophylline does not cause cardiac arrhythmias in 
dogs. Ketamine use following aminophylline appears 
to lack arrhythmogenic potential and may be advan- 
tageous in the clinical setting. 
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Coaxial Catheter for Humidification during Jet 
Ventilation 
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RAMANATHAN, S., ARISMENDY, J., GANDHI, S., CHALON, J., TURNDORF, H.: Coaxial catheter for humidification during jet 
ventilation. Anesth Analg 1982:61:689-92. 


A coaxial jet ventilation catheter capable of entraining liquid water by Venturi effect was assembled by inserting an 
epidural catheter (water injector tube) into a 69-cm-long, 3-mm-i.d., outer jet delivery tube. Gas jet flow in the outer 
tube produced a negative pressure in the inner injector tube. The entrainment pressure could be varied by increasing 
or decreasing the distance between the injector and jet portals. The quantity of entrained water could thus be 
regulated between 8 + 1 to 44 + 2 mg/L of gas by decreasing this distance from 3.5 to 0.5 cm. The catheter was 
used to deliver low- or high-frequency jet ventilation for 4 hours in dogs (five dogs per mode of ventilation) and for 2 
hours in patients (12 patients per mode). Patients receiving either mode of ventilation were divided into two equal 
groups. One group was ventilated with dry gases and the other with humidified gases containing 44 mg H2O/L. 
Ciliated epithelial cells were obtained by bronchial lavage at the onset and termination of each study. Damage to 
ciliated ceils was assessed numerically by a point scoring system. The coaxial catheter produced adequate pulmonary 
ventilation both in dogs and humans during both modes of ventilation. The human tracheobronchial cellular score 
decreased approximately 21% after unhumidified low- and high-frequency ventilation. However, the score did not 
change significantly in patients who received humidified gases, indicating efficient humidification by the coaxial 
catheter. 


Key Words: HUMIDIFICATION: jet ventilation; VENTILATION: jet, humidification. 


OTH HIGH- AND LOW-frequency jet ventila- 
tion (LFJV and HFJV) are used during anesthesia 

for endolaryngeal surgery (1, 2), correction of bron- 
chopleural fistulae (3), and tracheal stenosis repair (4). 
High gas flows make humidification of the jet diffi- 
cult. Although humidifiers have been described for 
jet ventilation (5), none has yet been described for 
catheter jet ventilation. A coaxial jet ventilation cath- 
eter, easily assembled from commonly available 
equipment, is described. The catheter can entrain 
liquid water by Venturi effect during both LFJV and 


HFJV. 
Methods 


The coaxial jet ventilation catheter (Fig 1) was 
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assembled. A 69-cm-long (i.d. = 3 mm, o.d. = 4 mm), 
plastic tube (a segment of straight type blood recipient 
set, Fenwal Laboratories, Deerfield, IL) served as the 
jet delivery tube (JT). The length and inside diameter 
of the tube were determined experimentally so that at 
clinically used tidal volumes, the jet ventilation cath- 
eter would deliver satisfactory inspired humidity. The 
distal end of the tube bore indelible markings 0.5 cm 
from the tip (point 1) and subsequently at 1-cm 
intervals (points 2 to 4). A disposable plastic dual 
injection Y-piece (McGaw Laboratories, Inc., Sabana 
Grande, PR) was inserted at the proximal end. The 
fenestrated end of a Portex epidural catheter (Portex 
Inc., Wilmington, MA) was cut off. The modified 
catheter (EC-1) with a single terminal hole was 
threaded through one of the rubber stoppers (RS) of 
the Y-piece into the outer tube until its tip reached 
point 1. The remaining rubber stopper of the Y-piece 
was left intact. The epidural catheter served as the 
water entrainment tube (injector tube). Preliminary 
tests showed that entrainment pressure and, therefore, 
the quantity of entrained water, could be varied by 
altering the distance between the tips of the injector 
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COAXIAL JET VENTILATION CATHETER 


TO JET VENTILATOR 


RS JT 
PSA DIS 
`v P 
T 


H20 RS EC-| one 
20°C} 

FG 1. Diagram of coaxial jet ventilation catheter. EC-1 and EC- 
2 are Portex epidural catheters. (Patient ends of both catheters 
have been cut off at 1.5 cm from the tip.) Abbreviations used 
are: JT, jet delivery tube; DIS, disposable plastic dual injection 
site; RS, rubber stopper; PSA, Portex syringe adapter; T, patient 
end of the jet delivery tube. Points 1, 2, 3, and 4, which are 
indelible markings on jet tube, facilitate positioning of injector 
tip. T to point 1 = 0.5 cm and thereafter each point is 1 cm from 
preceding point. 


and the jet delivery tube. This distance was read on 
the markings made on the outer jet tube (points 1 to 
4). A second epidural catheter (EC-2) was used to 
connect the first to a water-filled burette. 

Ventilation (6) was performed with a Bird Mark II 
ventilator, triggering a Bird parallel inspiratory flow 
cartridge at a driving pressure of 90 psi (Fio, = 1). 
The flow cartridge was connected to the jet delivery 
tube by a 60-cm-long, 2-mm-i.d. tube. For LFJV, a 
tidal volume of 500 ml at 12 breaths per minute was 
used with a jet pulse duration of 1 second. Corre- 
sponding figures for HFJV were 95 ml at a rate of 104 
breaths per minute with each jet pulse lasting 0.12 
second. The ventilatory settings (tidal volume, respi- 
ratory rate, and jet pulse duration) used during both 
modes of ventilation have been shown to produce 
adequate pulmonary ventilation (6, 7). All ventilatory 
parameters were measured on a lung model by pneu- 
motachography. 

Pulmonary gas exchange and humidification were 
assessed in experimental animals and patients during 
LEJV or HFJV through the catheter. In the animal 
study, 10 dogs (mean body weight 29 + 2 kg) were 
studied. Anesthesia was induced with pentobarbital 
(30 mg/kg). Muscle relaxation was maintained by 
intermittent doses of parcuronium bromide. An in- 
dwelling femoral arterial catheter and a thermistor- 
tipped pulmonary arterial catheter were inserted. The 
dogs were divided into two equal groups. 

In the first group, the coaxial catheter was inserted 
4 cm below the vocal cords. Tracheal pressure was 
monitored 6 cm below the vocal cords using a fluid- 
filled catheter connected to a transducer. Dogs were 
ventilated by LFJV mode for 4 hours. Arterial blood 
pH, gas tensions, and rectal temperature were meas- 
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ured hourly. In the beginning of the experiment, the 
injector tip was at point 1 of the outer tube. The 
burette end of the second epidural catheter (EC-2, Fig 
1) was 4 cm below water surface and approximately 
at the same horizontal level as the injector opening. 
A transducer (connected to a polygraph) was used to 
measure entrainment pressure at the burette end of 
the second epidural catheter. The quantity of en- 
trained water was assessed by measuring change in 
burette water level after 1 hour. The humidity content 
of the jet (mg H2O/L) was derived by dividing weight 
of water entrained per minute by the ventilatory 
minute volume. The tip of the inner epidural catheter 
was withdrawn to points 2, 3, and 4 at the start of the 
2nd, 3rd, and 4th hour, respectively, and entrainment 
pressure and inspired humidity measured as above. 
At the end of each study, the injector opening was 
placed successively at 4 and 4.5 cm from the tip of 
the jet delivery tube and entrainment pressure meas- 
ured. The outer jet delivery tube remained in situ 
throughout the experiment. The same protocol was 
used in the second group but HFJV was used. Inspired 
humidity and entrainment pressure during LFJV and 
HFJV were plotted against the distance between injec- 
tor and jet portals on semilog graph paper. Mathe- 
matical equations were fitted to the curves using the 
curve-fitting program of the Texas Instruments-59 
calculator. 

The protocol for the clinical study was approved 
by the Committee on Human Experimentation of the 
New York University Medical Center. All patients 
gave informed consent for the procedure. Twenty- 
four patients who were free from cardiac or respira- 
tory disease were studied. Mean body weight was 76 
+ 9 kg and age 38 + 6 years. All were scheduled to 
undergo prolonged superficial plastic surgery of the 
extremities. Preoperative medication included atro- 
pine, 0.4 mg, and meperidine, 75 mg IM, 1 hour 
before surgery. A radial artery blood sample was 
obtained before the start of anesthesia. Following an 
intravenous thiopental induction (4 mg/kg), muscle 
paralysis was achieved by 100 mg of succinycholine. 
Anesthesia was maintained with continuous infusions 
of 0.1% methohexital and succinycholine. The jet 
ventilation catheter was introduced under direct vi- 
sion 4 cm below the vocal cords. A suction catheter 
(18) was introduced 6 cm below the vocal cords to 
obtain tracheal secretions for exfoliative cytology. 

Twelve patients received LFJV and the other 12 
HFJV at the same ventilatory settings as in the dog 
study. Patients receiving either mode of ventilation 
were divided into two equal groups. In one group 
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(n = 6), the inspired gases were humidified by en- 
training water. The tip of the injector tube was at 
point 1. The second group was ventilated with dry 
gases. At the onset of each study, 5 ml of normal 
saline was instilled into the trachea through the suc- 
tion catheter and tracheal secretions collected 3 min- 
utes later by suction. Cytology smears were prepared 
and stained by the method of Chalon et al (8). Integrity 
of tracheobronchial epithelium was assessed by a 
point scoring system (8), one point being given for 
each of the following factors: (a) presence of normal 
cilia, (b ) presence of end plate, (c) normal cytoplasmic 
color, (d) normal cytomorphologic features, (e) nor- 
mal nuclear size, and (f) normal nuclear texture. Thus, 
each cell could score 0 to 6 points. As 200 cells were 
examined in each group of slides obtained from the 
same tracheobronchial washing, the total score per 
specimen could range from 0 to 1200 points. At the 
end of 2 hours of jet ventilation, tracheal smears and 
blood gas measurements were repeated. The jet ven- 
tilation catheter was then removed and endotracheal 
anesthesia administered for the rest of the procedure. 
Chest roentgenograms were obtained in all patients 
on the second post-operative day. Statistical analysis 
was performed by the Student’s t-test. Values of p < 
0.05 were considered statistically significant. 


Results 


In dogs and humans the jet ventilation catheter 
produced acceptable arterial blood pH and gas ten- 
sions during LFJV and HFJV (Table). Dog temperature 
remained unchanged during 4 hours of experimenta- 
tion in both groups of dogs. Peak intratracheal pres- 
sures were 8 + 1 torr during LFJV and 3.8 + 0.8 
during HFJV. The catheter delivered an inspired hu- 
midity of 44 mg H2O/L at an entrainment pressure of 
—220 + 2 torr during LFJV when the injector tip was 
at point 1. Corresponding HFJV figures were 45 + 3 
and —23 + 2. Entrainment pressure and inspired 
humidity decreased exponentially when the tip of the 


TABLE 


inner epidural catheter was withdrawn to points 2, 3, 
and 4 (Fig. 2). Entrainment pressure and inspired 
humidity could be predicted mathematically: (a) en- 
trainment negative pressure (torr) = 277 X EOE 
during LFJV and 24 x e°8XD during HFJV, when the 
distance (D) between injector and jet portals was 0.5 
to 3.5 cm, and (b) inspired humidity (mg H2O/L) = 
62 X e O58xD during LFJV, and 61.8 X e7059xD during 
HFJV, where e is natural log. Correlation coefficient 
(r) was 0.98 in all instances. Entrainment pressure was 
zero when the injector opening was at 4 cm from the 
jet exit point during both LFJV and HFJV. At 4.5 cm, 
it was positive 60 + 3 torr during LFJV and positive 
5 + 3 torr during HFJV. 

In patients who received dry gases during LFJV, 
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Fic 2. Inspired humidity, entrainment negative pressure, and 
positive back pressure as function of distance between injector 
and jet portals. Ordinates on left (inspired humidity and entrain- 
ment negative pressure) are logarithmic and on right (positive 
back pressure) arithmetic. All measurements are means of five 
observations. Line A, inspired humidity; open circles, LFJUV; solid 
circles, HFJV; circle center, mean; circle diameter, +1 SD. 
Entrainment negative pressure and positive back pressure were 
measured at burette end of second epidural catheter. Line B1, 
entrainment negative pressure during LFJV; line B2, entrainment 
negative pressure during HFJV. When distance between injector 
and jet portals was 4 cm, entrainment pressure was zero. When 
distance exceeded 4 cm, back pressure developed. Line B2, 
positive back pressure during LFJV; line C2, positive back 
pressure during HFJV. 


Arterial pH and Blood Gas Tensions after 4 Hours of LFJV or HFJV in Dogs, and after 2 Hours in Patients (Fio, = 1)* 


Dog study (n = 5)+ 


Human study (n = 12) 


LFJV HFJV Control LFJV Control HFJV 
pH 7.55 + 0.01 7.49 + 0.01 7.40 + 0.02 7.46 + 0.03 7.39 + 0.04 7.40 + 0.02 
Pao, (torr) 462 + 20 458 + 20 96+8 432 + 28 96 + 7 429 + 30 
Paco, (torr) 28 +3 34 + 4 40 +6 33 +5 4346 37 +7 





* Values are means + SD. 


+ Values obtained after 1, 2, or 3 hours in the dog study were similar to those shown after 4 hours. 
+ Control measurements were made in patients while breathing room air. 
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mean tracheal cellular score was 920 + 60 at the onset 
of ventilation. The score decreased to 728 + 80 after 
2 hours. The cellular score of patients who received 
unhumidified HFJV decreased from 960 + 45 to 754 
+ 88. The decrease was statistically significant in both 
cases (p < 0.01). After 2 hours of humidified LFJV, 
the score decreased from 912 + 20 to 900 + 22. 
During humidified HFJV, the score decreased from 
904 + 12 to 890 + 24. The decrease was not statisti- 
cally significant in both instances. Postoperative chest 
roentgenograms were normal in all patients. 


Discussion 


Our results show that the coaxial jet ventilation 
catheter produces adequate pulmonary gas exchange 
during LFJV or HFJV. There was no evidence of 
airway flooding (such as increased airway secretions) 
in either dogs or patients. No patient developed any 
postoperative pulmonary complication. 

Pressure exerted by the gas jet is reduced during its 
passage through the narrow delivery tube (Bernoulli 
effect [9]). This pressure is restored when the jet 
enters a dilated passage, namely the trachea (Venturi 
effect [9]). Thus, a negative pressure is produced 
around the injector opening, causing water entrain- 
ment. The lumen of the outer tube between the 
injector and jet openings acted as a storage space 
where the entrained water collected. The jet nebulized 
the water and propelled it into the trachea as a fine 
mist. When the injector opening was at point 1 of the 
outer tube, the Venturi effect was maximum. Moving 
the tip of the inner epidural catheter to points 2, 3, or 
4 increased the distance between the injector opening 
and the point at which the jet pressure was restored. 
This reduced the Venturi effect and the quantity of 
entrained water. Thus, humidity could be regulated 
by changing the distance between the injector and jet 
portals (0.5 to 3.5 cm). When the distance was 4 cm, 
the entrainment pressure was zero and at 4.5 cm, 
pressure was +60 torr (Fig 2). Thus, the injector portal 
should never be withdrawn more than 4 cm from the 
tracheal end of the outer tube. Withdrawal beyond 
this point will not only stop entrainment, but produce 
a back pressure in closed humidifiers. 

An inspired humidity of at least 12 mg H2O/L is 
required to prevent damage to tracheal epithelium (8). 
An inspired humidity level of 44 mg H2O/L (saturated 
at 37°C) will not only prevent tracheal epithelial 
damage, but respiratory heat loss as well (8). In our 
study, the tracheal cellular score diminished by ap- 
proximately 21%, (indicating some damage to tracheal 


692 


ANESTHESIA AND ANALGESIA 
Vol 61, No 8, August 1982 


epithelium) in patients who were ventilated with dry 
gases for 2 hours during both LFJV and HFJV. When 
the gases were humidified, the cellular score did not 
change significantly, indicating adequate humidifica- 
tion by the coaxial catheter. The inspired humidity 
delivered by our catheter will be 8 mg He2O/L when 
the injector opening is at 3.5 cm from the jet portal. 
When the distance between the two openings is 0.5 
cm, the catheter will deliver 44 mg H2O/L. The cath- 
eter can be made to deliver any desired inspired 
humidity level by simply positioning the injector 
opening at the appropriate distance from the jet de- 
livery point. Anesthesiologists can use either the 
mathematical formulas described under “Results” or 
Fig 2 to determine this distance. Although HFJV pro- 
duced an entrainment negative pressure approxi- 
mately 9 times smaller than LFJV, both modes en- 
trained approximately the same volume of water. This 
was because HFJV rate was approximately 9 times 
faster. 

Humidifier systems have been described for jet 
ventilation through endotracheal tubes (5) in which 
humidity is derived from two sources: (a) humidified 
circuit oxygen entrained by the jet, and (b) small 
drops of saline delivered in front of the nozzle by an 
infusion pump generating a pressure of 18 psi. On the 
contrary, to use our catheter, endotracheal intubation 
is not required. As jet force creates an entrainment 
pressure, additional equipment is unnecessary. The 
subambient pressure found at the injector outlet pre- 
vents back pressure in the humidifier. 
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Extrathoracic Cuff 
Pressure Reflects Changes 
of Intrathoracic Large 
Airway Circumference 
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Byrick, R. J., Hoses, E. G., AND Kay, J. C.: Extrathoracic cuff 
pressure reflects changes of intrathoracic large airway circum- 
ference. Anesth Analg 1982:61:693-—8. R 


The pressure measured in water-filled cuffs of endotracheal 
tubes has been used to evaluate the effect of drugs and physi- 
ologic stimuli on large airway tone. In six mongrel dogs, extra- 
thoracic cuff pressure was monitored while simultaneously mon- 
itoring intrathoracic tracheal circumference measured by an 
implanted mercury strain gauge. The airways of each animal 
were alternately dilated with intravenous aminophylline (10 mg/ 
kg) and constricted with edrophonium (10 mg). In each animal 
a significant linear relationship was found between cuff pressure 
and intrathoracic tracheal circumference. The slopes of these 
linear relationships were consistent for each animal, but varied 
between animals. in a second group of 11 dogs, cuff pressure 
was measured at extrathoracic and intrathoracic tracheal sites, 
as well as in the left main stem bronchus. Similar directional 
changes in cuff pressure were found at each site. This suggests 
that a water-filled system monitoring cuff pressure in the extra- 
thoracic trachea reflects the direction of circumference change 
in the intrathoracic trachea and major bronchi. 


Key Words: EQUIPMENT: cuffs, endotracheal; LUNG: bronchi. 


The measurement of tracheal cuff pressure using a 
water-filled cuff of an endotracheal tube positioned 
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in the extrathoracic airway has been used in both 
animal and human studies to evaluate the effects of 
physiologic stimuli and pharmacologic agents on air- 
way smooth muscle tone (1-5). Water is used to fill 
the cuff because it is incompressible and provides a 
reliable coupling device between tracheal wall and 
transducer (Fig 1). The implication of these studies 
(1-5) is that cuff pressure changes are representative 
of changing airway smooth muscle tone throughout 
the intrathoracic airways. However, this has never 
been demonstrated. 

This study provides evidence that extrathoracic cuff 
pressure changes are indeed a reliable measure of 
simultaneous changes in intrathoracic large airway 
circumference. 

We have used the mercury strain gauge (MSG) 
technique described by Scarpelli et al (6) to measure 
intrathoracic tracheal circumference and have com- 
pared these MSG measurements with cuff pressure 
changes recorded simultaneously during acute drug- 
induced changes in tracheal circumference. 

Also, using a Carlen’s double-lumen tube, we have 
shown that changes in left main stem bronchial cuff 
pressure parallel changes in extrathoracic cuff pres- 
sure. This is further evidence that changes in extra- 
thoracic cuff pressure may represent changes occur- 
ring in the large intrathoracic airways. 


Methods and Materials 


The cuff of the endotracheal tube in each study was 
flushed with water, ensuring that no air remained in 
the cuff or tubing. The tubing from the cuff was then 
attached to a pressure transducer (Statham P23Db) 
positioned at the same height as the cuff (Fig 1). The 
pressure in the cuff system was continuously recorded 
using a Beckman Dynograph. 

We studied two types of endotracheal cuff: (a) a 
Shiley, low-pressure, high-volume polyvinylchloride 
cuff placed in the extrathoracic trachea; and (b) the 
latex, low-volume, high-pressure cuffs of a Carlen’s 
double-lumen tube, placed in the intrathoracic trachea 
and left main stem bronchus. 
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Fig 1. Factors determining pressure (P) within water-filled cuffs 
used in this study. Pa, Airway pressure; Pm, pressure resulting 
from tracheal muscle tone; P,,, pleural pressure (for intrathoracic 
cuffs); and Pe, compliance characteristics of cuff material. 


We studied 17 dogs. Anesthesia was induced with 
intravenous pentobarbital, 30 mg/kg, and maintained 
with additional 50-mg doses as necessary. A femoral 
arterial cannula was inserted to sample blood for 
blood gas analysis, and blood pressure was continu- 
ously recorded on the Beckman Dynograph. 


Group A 


Six of the dogs were intubated with a Shiley en- 
dotracheal tube. The cuff was then filled with water 
until, during ventilation, no air leak was noted around 
the cuff and an extrathoracic cuff pressure (Pre) of 30 
to 35 torr was obtained. A thoracotomy (median 
sternotomy) was performed and a MSG was posi- 
tioned around the trachea and sutured to the inter- 
cartilagenous surface of the intrathoracic trachea. The 
MSG is a mercury-filled, silicone rubber tube (0.3 
mm i.d., 0.63 mm o.d.), driven by a constant source 
of current, in which resistance changes directly and 
linearly with changes in length (6). While the chest 
was open ventilation was maintained with an Ohio 
560 ventilator. The thoracotomy was then closed, air 
was vented from the thoracic cavity, and spontaneous 
respiration resumed. 

In these six dogs, we were thus able to record 
simultaneously tracheal circumference, as measured 
by the implanted intrathoracic MSG, and Pre. 


Group B 


In 11 dogs a Carlen’s double-lumen tube was in- 
serted through a tracheostomy such that both cuffs 
were within the thorax. The positions of both the left 
bronchial cuff and the intrathoracic tracheal cuff were 
checked using the underwater seal technique of Sykes 
et al (7), and verified after each experiment through 
dissection of the trachea. In all 11 dogs, intrathoracic 


694 


ANESTHESIA AND ANALGESIA 
Val 61, No 8, August 1982 


cuff pressures of the trachea (Pri) and left main stem 
bronchus (Psi) were recorded using the Carlen’s tube. 

In six of these 11 dogs, a standard esophageal 
balloon was inserted to monitor pleural pressure (Pp). 
In the remaining five dogs we measured Pre using the 
cuff of a Shiley tube positioned above the tracheos- 
tomy stoma. 

All measurements reported in this study were made 
with dogs breathing spontaneously and with supple- 
mental oxygen given to prevent hypoxemia. 

In every experiment, at least 15 minutes was al- 
lowed to establish steady base line values before 
altering the resting smooth muscle tone by drug ad- 
ministration. We were able to induce sudden changes 
in tone through alternate intravenous administration 
of edrophonium (10 mg) and aminophylline (10 mg/ 
kg), given at 30-minute intervals. Alternating drugs 
that constrict and dilate the airways over a 2-hour 
period allowed us to evaluate the consistency of the 
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FIG 2. Traces from one dog in group A showing simultaneous 
changes in blood pressure (BP), extrathoracic cuff pressure 
(Pre), and intrathoracic tracheal circumference (MSG) during 
tracheal constriction and dilation. 
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relationship between changes in cuff pressures and, 
in group A, changes in intrathoracic tracheal circum- 
ference as measured by the MSG. 

All values quoted are means + SD. Regression lines 
were computed using the method of least squares. 


Results 


Group A: Pre and MSG Measured Circumference 


The volume of water in the extrathoracic cuffs 
found necessary to seal with the tracheal wall and 
ensure a Pre of 30 torr was 8.10 + 0.56 ml. 

In each experiment a change of intrathoracic tra- 
cheal circumference (MSG) was accompanied by an 
appropriate directional shift in Pre. These changes 
(Fig 2) were simultaneous and were noted to be time 
related to the drug-induced hypotension. 

To evaluate the relationship between the change in 
Pre and the intrathoracic tracheal circumference 
change, we plotted values of Pre and MSG circumfer- 
ence taken at 10-second intervals after drug admin- 
istration until the peak change in MSG measured 
circumference occurred (Fig 3). In these six animals 
there were 18 drug administrations (nine aminophyl- 
line, nine edrophonium). When the data points were 
connected for each acute change in airway circumfer- 
ence (Fig 3), the relationships approximated a linear 
regression. Linear regression analysis was performed 
on each acute change in airway circumference. The 
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slope of these regression lines ranged from —2.22 to 
—88.1. However, in individual dogs, there was no 
significant difference between the slopes of these 
regression lines when aminophylline was given as 
compared with edrophonium (p > 0.1). For each acute 
change in airway circumference, the slope of the 
regression line was negative, indicating that in all 
cases, when the intrathoracic trachea dilated, extra- 
thoracic cuff pressure decreased, and when the intra- 
thoracic trachea constricted, Pre increased (Fig 3). 

A consistent relationship between Pre and MSG 
measured circumference was not found when differ- 
ent animals were compared. Thus, similar changes of 
intrathoracic tracheal circumference were associated 
with markedly different changes of Pre (Fig 3). 

In two of the six experiments, mechanical problems 
with the implanted MSG precluded complete data 
collection. 


Group B: Pre and Intrathoracic Cuff Pressure 


The responses to intravenous aminophylline and 
edrophonium were time related with each other and 
also with the hemodynamic changes (Fig 4). In six of 
these animals the response to drug administration 
was reflected by changes in Pri (cuff volume 4.73 + 
0.45 ml). When peak changes in Pr; were plotted 
against changes in the Pre, a significant linear rela- 
tionship was found (Fig 5). A significant linear rela- 
tionship was also found in the 11 animals when the 
changes in Pri were compared with the changes in Pp; 
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INTRATHORACIC MSG CIRCUMFERENCE (mm) 


FiG 3. Simultaneous measurements of extrathoracic tracheal 
cuff pressure (Pe) and intrathoracic tracheal circumference 
(MSG) in six dogs in group A. Data from each dog are repre- 


sented by different symbols. Points joined are taken at 10- 
second intervals during each acute drug-induced change in 
tracheal circumference. 
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(cuff volume 2.73 + 0.31 ml) (r = 0.82, n. = 55, p < 
0.01). In all dogs, each time a drug was administered, 
Pre, Pri, and Pai responded in the same direction. No 
significant change in Pp was noted indicating that 
changes of Pri and Psg; were not secondary to changes 
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Fic 4. Traces from one dog in group B showing pleural pres- 
sure (Pp), intrathoracic tracheal (Pr) and bronchial (Pa) cuff 
pressures, as well as simultaneous changes in blood pressure. 
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Fic 5. Peak changes of extrathoracic cuff pressure (AP;,) are 
compared with simultaneous changes in intrathoracic cuff pres- 
sure (åP) in dogs in group B after aminophylline and edrophon- 
ium administration. 


696 


ANESTHESIA AND ANALGESIA 
Vol 61, No 8, August 1982 


of surrounding pleural pressure, which could alter 
intrathoracic cuff pressure (Fig 1). 


Discussion 


The major conclusion of this study is that direc- 
tional changes in extrathoracic cuff pressure accu- 
rately reflect similar directional changes of intratho- 
racic airway circumference. At least with the phar- 
macologic agents used, these changes in cuff pressure 
reflected changes in the large airways, both intratho- 
racic and extrathoracic. Hence, the basic uncertainty 
as to whether measurements of extrathoracic tracheal 
cuff pressure reflect a localized phenomenon is re- 
moved, 

Fleisch and Calkins (8) have speculated that some 
pharmacologic stimuli influence the large and small 
airways independently. Our study was not an attempt 
to investigate the uniformity of this pharmacologic 
response to drugs. Therefore, we chose aminophyl- 
line, which has been shown to relax the bronchus as 
well as the trachea of mammalian airways (9), and 
edrophonium, which constricts large airways in dogs 
(9). Whether smaller bronchi and bronchioles con- 
strict and dilate in a similar pattern in response to 
these agents remains conjectural. 

Himori and Taira (5) have used the water-filled cuff 
of an endotracheal tube to demonstrate dose-depend- 
ent responses of the tracheal musculature to acetyl- 
choline and various adrenergic drugs. This implies 
that quantitative changes in large airway tone are 
reflected by changes in the measured cuff pressure. 
Our data suggest that the direction of this response is 
correct, and in any individual animal the magnitude 
of extrathoracic cuff pressure change bears a linear 
relationship with intrathoracic circumference (Fig 3). 

The pressure in a water-filled cuff (P) of an endo- 
tracheal tube (Fig 1) is a function of various surround- 
ing influences. The absolute value of P is directly 
related to the volume of water in the cuff, the com- 
pliance of the cuff material (P.), as well as tracheal 
smooth muscle tone (Pm). Changes in P caused by 
altered smooth muscle tone may be attenuated by the 
stress-relaxation properties of the cuff material ex- 
posed to the airway (not apposed to the tracheal wall). 
McGuiness et al (10) have discussed the physical 
factors that determine the pressure within an air- 
inflated cuff. These authors, in explaining asymmetric 
inflation tendencies, have shown that the diameter 
and thickness of thin-walled cylinders of rubber and 
plastic can vary. If the stress in any portion of the cuff 
wall exceeds the capacity of the material to withstand 
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stress, that portion will balloon out and cuff pressure 
(P) will decrease in spite of the increase in cuff 
volume. If this occurs in “isovolumic” water-filled 
cuffs, then a true decrease in tracheal circumference 
might cause ballooning in a thin portion of the cuff 
exposed to airway pressure (Pa) (Fig 1), with a result- 
ant decrease in P. 

We found that Pre always changed in the appro- 
priate direction in response to dilating and constrict- 
ing influences (Fig 3). The physical properties of the 
polyvinylchloride cuff did not cause cuff pressure to 
decrease when airway constriction occurred within 
the range of cuff pressures studied. The range of 
changes of Pre was similar to that found in other 
studies (2, 3). 

In dogs in group A, the relationship between Pre 
and MSG remained stable throughout the 2- to 2%- 
hour study period (Fig 3), suggesting thai the elastic 
properties of the cuff material remain relatively con- 
stant during this time frame. 

If stress-relaxation of the cuff material were to 
occur to a variable degree in each cuff, the change in 
Pr. for a given change in MSG-measured circumfer- 
ence would be variable. Thus, one explanation for the 
difference in slopes of this relationship (Fig 3) may 
relate to the properties of the cuff material. 

One limitation of the technique must be related to 
the volume of the water in the cuff. If the trachea 
dilates to the point that the area of contact between 
the tracheal wall and the cuff is reduced to a critical 
value, Pre will decrease toward atmospheric pressure 
independently of airway circumference. This critical 
value is probably different for various cuff materials. 
In our study, the phasic respiratory fluctuations of Pre 
were always maintained during measured changes in 
airway tone, indicating constant contact between cuff 
and tracheal wall. 

The tracheal circumferences in the extrathoracic 
and intrathoracic sites were not equal. As the cuff 
itself distorts the extrathoracic trachea and, at least 
theoretically, produces an isovolumic segment of tra- 
chea, it was impossible to measure airway circumfer- 
ence at the same level as Pre. The particular measure- 
ment sites chosen could account for the difference in 
the slopes of the regression lines between animals (Fig 
3). The finding that each animal had a consistent 
relationship between Pre and MSG-measured circum- 
ference is also compatible with this explanation. 

A true difference in the responsiveness of the dif- 
ferent segments of airway studied (8) could also ac- 
count for some of the variability in slopes found 
between animals (Fig 3). 


Each MSG was calibrated before being implanted, 
and throughout each study the MSG detected fluc- 
tuations in airway circumference with respiration. 
Thus, we believe the MSG technique sensitively and 
accurately measured tracheal circumference at the 
intrathoracic site. 

Croteau and Ccok (11) have studied the volume- 
pressure relationship of isolated human tracheal and 
bronchial segments obtained at autopsy. With in- 
creasing age, there was a progressive decline in airway 
compliance. This airway compliance variable may 
limit the ability of cuff pressure measurements to be 
compared between animals at the same cuff volumes. 
This factor, however, would not alter the relationship 
between changes in airway circumference and 
changes in Pre. Whether airways were stiff or com- 
pliant in a given dog, any change in circumference 
would be detected by cuff pressure changes and MSG 
measurement changes. 

In Fig 5 is shown that in dogs in group B, simulta- 
neous measurements of the peak change in P with 
each cuff are closely related in spite of the different 
types of cuff material and cuff locations within the 
trachea. This emphasizes that the high resting pres- 
sure within a latex cuff is largely due to the compli- 
ance of the cuff material, but that this higher resting 
pressure does not prevent the sensitive detection of 
small pressure changes due to altered airway tone (1, 
4). The continuous traces of the hemodynamic re- 
sponse (BP), the MSG measurement of circumfer- 
ences, and the various cuff pressures in both groups 
A and B (Figs 2 and 4) demonstrate that each type of 
cuff can respond rapidly to changes in airway circum- 
ference. 

Examining the continuous recordings of Pri and Pp; 
(Fig 4) measured with latex cuffs, we consistently 
noted smaller changes in Psi; than in Pr; after drug 
administration. In every case, however, the direction 
and timing of the response of Ps; were similar to those 
of Pri. This difference in cuff pressure response may 
have been due to a difference in the length of the cuff 
exposed to the bronchial wall, to a reduced respon- 
siveness of the bronchus, or to a difference in the 
compliance characteristics of the two cuffs. 

The five animals in which pleural pressure was 
measured in group B (Fig 4) demonstrated that the 
cuff pressure did not result from changes in pleural 
pressure. There can be no doubt from the work of 
Sullivan et al (1, 4) and our experiments that changes 
of pleural pressure would be reflected by similar 
directional changes in Pr or Ps; as these cuffs are in 
the thoracic cavity (Fig 1). Thus, extrathoracic cuff 
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pressure reflects changes in the intrathoracic large 
airway circumference (Fig 3) and is independent of 
pleural pressure and hence lung volume. Our data 
also suggest that the changes in extrathoracic cuff 
pressure reported by Sullivan et al (1, 4) probably 
reflected extensive alterations in tracheobronchial 
tone throughout the large airways during sleep. 

All techniques presently used to assess airway tone 
in patients are nonspecific (12) for the site of airway 
obstruction. Ingram and McFadden (12) have specu- 
lated that specific therapy for large or small airway 
constriction must await sensitive methods of detecting 
changes in tone in specific segments of the tracheo- 
bronchial tree. The continuous recording of tone us- 
ing cuff pressure permits the investigator to evaluate 
changes relative in time to other events. The other 
static measurements such as resistance, specific con- 
ductance, and flow-volume curves do not have this 
advantage as they are measured at one point in time. 
As well, the airway resistance measurements vary 
inversely with lung volume (13). 

The study of bronchomotor reflexes requires meth- 
ods that can detect changes in airway dimensions 
both sensitively and accurately. The measurement of 
Pre enabled us to detect quantitatively small changes 
in tracheal circumference. The pharmacologic agents 
used to induce these acute changes have previously 
been shown to dilate and to constrict airway smooth 
muscle. During these acute changes, Pre accurately 
reflected the direction of airway circumference change 
to the level of the main bronchi. However, some 
caution must be exercised in interpreting the quanti- 
tative assessment of cuff pressure changes between 
individuals, as we found markedly different changes 
of Pre for a similar magnitude of intrathoracic tracheal 
circumference change. In individual animals, how- 
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ever, the size of Pre change was closely related to the 
change in intrathoracic tracheal circumference. 


ACKNOWLEDGMENTS 


We appreciate the technical assistance of G. Caskennette and 
helpful discussions with Dr. A. C. Bryan. The assistance of L. 
McKay and P. Slusarenko is also gratefully acknowledged. 


REFERENCES 


1. Sullivan CE, Zamel N, Kozar L, Murphy E, Phillipson EA. 
Regulation of airway smooth muscle tone in sleeping dogs. Am 
Rev Respir Dis 1979;119:87--99. 

2. Yasuda I, Hirano T, Yusa T, Satoh M. Tracheal constriction by 
morphine and by fentanyl in man. Anesthesiology 
1978;49:117-9. 

3. Hirsham CA, Downs H. Basenji-Greyhound dog model of 
asthma: influence of atropine on antigen-induced bronchocon- 
striction. ] Appl Physiol 1981;50:761-5. 

4. Sullivan CE, Zamel N, Kozar LF, Murphy E, Phillipson EA. 
Arousal, ventilation and airway responses to bronchopulmo- 
nary stimulation in sleeping dogs. J Appl Physiol 1979;47:17- 
25. 

5. Himori N, Tairi N. A method for recording smooth muscle and 
vascular responses of the blood perfused dog trachea in situ. 
Br J Pharmacol 1975;56:293-9, 

6. Scarpelli EM, Real FJP, Rudolph AM. Tracheal motion during 
eupnea. J Appl Physiol 1965;20:473-9. 

7. Sykes MK, Hill AEG, Loh L, Tait AR. Evaluation of a new 
method for the continuous measurement of the distribution of 
blood flow between two lungs. Br J Anaesth 1977;49:285-92, 

8. Fleisch JH, Calkins PJ. Comparison of drug-induced responses 
of rabbit trachea and bronchus. J Appl Physiol 1976;41:62-6. 

9, Niewoehner DE, Campe H, Duane S, McGowan T, Montgom- 
ery MR. Mechanisms of airway smooth muscle response to 
isoproterenal and theophylline. J Appl Physiol 1979;47:330-66. 

10. McGuiness GE, Shively JG, Patterson RL, Magovern GJ. An 
engineering analysis of intratracheal tube cuffs. Anesth Analg 
1971;50:557~64, 

11. Croteau JR, Cook CD. Volume-pressure and length-tension 
measurements in human tracheal and bronchial segments. J 
Appl Physiol 1961;16:170-2. 

12. Ingram RH, McFadden ER. Localization and mechanics of 
airway responses. N Engl J Med 1977;297:596~600. 

13. Briscoe WA, Dubois AB. The relationship between airway 
resistance, airway conductance and lung volume in subjects of 
different age and body size. J Clin Invest 1958;37:1279-85. 


g». 


Acute Pulmonary Edema 
during Laparoscopy 


Sukumar Desai, MD,* 
Edward Roaf, MD,f and 
Philip Liu, MD 


Laparoscopy is a frequently performed gynecologic 
procedure. Despite the stress of insufflation of several 
liters of carbon dioxide or nitrous oxide and extreme 
Trendelenburg position, few cardiorespiratory anes- 
thetic complications have been reported. Unexplained 
cardiovascular collapse resulting in death in clinically 
healthy patients during laparoscopy is an extremely 
rare but tragic occurrence. A case of acute fulminant 
pulmonary edema shortly after insufflation for lapa- 
roscopy in a young patient without known cardiopul- 
monary disease is described in this report. 


Case Report 


The patient, a 27-year-old woman, was scheduled to 
undergo diagnostic laparoscopy to identify disease proc- 
esses that could result in infertility. She had been in excel- 
lent health, with no history of cardiopulmonary disease. 
Preoperative laboratory values were: hemoglobin, 12.9 2%; 
hematocrit, 38.3%; white blood count, 3000/mm?; serum 
potassium, 4.1 meg/L; blood urea nitrogen, 11 mg/100 ml. 
Her preoperative chest roentgenogram was clear and the 
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electrocardiogram unremarkable. She had general anes- 
thetics on two previous occasions without complications. 
Preoperative medications were 10 mg of morphine and 
0.2 mg of glycopyrrolate intramuscularly, 2 hours earlier. 
Before induction of anesthesia, she was given a total of 75 
pg of fentanyl, and to block fasciculations, 20 mg of galla- 
mine. She was preoxygenated for 3 minutes before admin- 
istration of 250 mg of thiopental followed by 100 mg of 
succinylcholine. She was ventilated with 100% oxygen, and 
4% lidocaine was sprayed into the larynx and trachea. A 
tracheal tube was easily inserted and both lungs were 
ventilated easily. The patient was given 70% nitrous oxide 
in 30% oxygen and surgery began. Carbon dioxide insuffla- 
tion of the peritoneal cavity was started. Shortly after the 
onset of insufflation (approximately 1 to 2 minutes), the 
heart rate increased from 90 to 150 beats per minute (sinus 
tachycardia) and the systolic blood pressure decreased to 
80 torr. The patient was given 100% oxygen and within 1 
minute copious amounts of pink frothy secretions were 
noted in the tracheal tube. The insufflation was terminated 
immediately. A diagnosis of acute pulmonary edema was 
made. The patient was given 5 cm H2O positive end-expir- 
atory pressure (PEEP), intravenous fluids, and a phenyleph- 
rine infusion to maintain blood pressure. She began to 
awaken in less than 5 minutes, and incremental intravenous 
injections of diazepam to a total dose of 25 mg were 
administered for sedation. Laboratory values at this time 
were: Pao, 59 torr; Paco, 49 torr; pH 7.22; base excess, —9 
meg/L; and hemoglobin, 15.9 g%. Metabolic acidosis was 
treated with 88 meq of sodium bicarbonate intravenously. 
Over the next 60 minutes, vasopressor therapy (intravenous 
phenylephrine infusion), continuous positive pressure ven- 
tilation, and intravenous furosemide resulted in the follow- 
ing arterial blood gas values: Pao,, 209 torr; Paco,, 46 torr; 
pH 7.39; and base excess, —2 meg/L. A diagnostic peritoneal 
lavage with saline was performed under local anesthesia 
and did not reveal free blood in the peritoneal cavity. 
Within 90 minutes of the onset of difficulties, the patient's 
condition had stabilized and she was transferred to the 
intensive care unit without vasopressor support. She extu- 
bated herself 4 hours later. Reintubation was not necessary. 
A chest roentgenogram taken on arrival in the intensive 
care unit showed a picture consistent with low-pressure 
pulmonary edema and a small cardiac silhouette. Intraoper- 
ative hypotension was aggravated by hypovolemia caused 
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by the acute shift of intravascular fluid into the lungs as 
reflected by the increase in hemoglobin concentration from 
12.8 to 15.9 g% and the favorable response to subsequent 
fluid administration, Trendelenburg position, and alpha- 
adrenergic vasopressors. An electrocardiogram in the inten- 
sive care unit was unremarkable. Her pulmonary edema 
resolved entirely within 8 hours and she was subsequently 
discharged on the second postoperative day and did not 
return for a repeat procedure. 


Discussion 


Although extremely rare, unexplained cardiovas- 
cular collapse resulting in death in clinically healthy 
patients during laparoscopy has occurred (1, 2). Car- 
bon dioxide embolism during laparoscopy has been 
reported previously (3). Without the intensive and 
vigorous therapy that was administered immediately, 
this case could easily have progressed to a less favor- 
able outcome. This frightening case emphasizes that 
an acute cardiovascular catastophe can occur during 
laparoscopy. 

In this case, the more common causes of pulmonary 
edema (i.e., preexisting heart disease, anesthetic 
overdose, arrhythmias, increased blood pressure, 
tachycardia, hypoxia, negative airway pressure, and 
fluid overload) can be eliminated. Extreme Trendelen- 
burg position and elevated central venous pressure 
have been described as causing acute pulmonary 
edema (4), but our patient was not in an extreme 
head-down position during the intraperitoneal insuf- 
flation. Idiosyncratic drug reactions were unlikely to 
be the cause of pulmonary edema in our patient: the 
only drugs that the patient had not already received 
previously were morphine, glycopyrrolate, lidocaine, 
and gallamine. Glycopyrrolate, lidocaine, and galla- 
mine have not been reported as causing pulmonary 
edema. Narcotics can precipitate pulmonary edema in 
certain situations (5-8). However, it is unlikely that 
this patient developed pulmonary edema 2 hours after 
receiving 10 mg of morphine intramuscularly. She 
had received fentanyl during a previous anesthetic 
without problems. 

The onset of pulmonary edema shortly after the 
onset of insufflation with carbon dioxide leads us to 
the conclusion that the most likely cause for the 
patient’s acute pulmonary edema was introduction of 
carbon dioxide into the vascular system and a result- 
ant gas embolus. Venous air embolism is known to 
cause acute pulmonary edema in animal experiments 
and has been reported clinically in humans (9, 10). 
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Unfortunately, an esophageal stethoscope was not 
utilized and the opportunity to hear the murmur of 
gas emboli was missed. The negative peritoneal lavage 
documented that there was no significant amount of 
free blood in the peritoneal cavity, but does not 
eliminate the possibility of intravascular insufflation. 
The diagnosis of pulmonary edema secondary to CO2 
embolism under clinical circumstances often is a di- 
agnosis by exclusion. Venous carbon dioxide would 
be excreted by the lungs quickly and, therefore, con- 
firmatory tests cannot be made after several hours. A 
capnograph would have reflected an increased alveo- 
lar Pco,, but this monitor is not used routinely in most 
institutions. Wadwha et al (11) attempted to detect 
gas embolism during laparoscopy in 100 cases and 
concluded that Doppler ultrasonic monitoring was 
not necessary for this procedure. Bruhl (12) reviewed 
63,845 laparoscopies for diagnostic procedures other 
than tubal ligation and found only one case of gas 
embolism among 1594 serious complications. Al- 
though unintended intravascular insufflation of car- 
bon dioxide during laparoscopy occurs rarely, it can 
lead to precipitous cardiovascular collapse and pul- 
monary edema that requires immediate and vigorous 
therapy. 
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Anesthesia, 
Catecholamines, and 
Hemodynamics in 
Autonomic Dysfunction 


Joseph A. Stirt, MD,* Robert A. Frantz, 
MD,} Edward F. Gunz, MD,7 and 
Matthew E. Conolly, MD 


The anesthetic management of patients with auto- 
nomic dysfunction associated with orthostatic hypo- 
tension has been described in only three case reports 
(1-3). Cardiovascular instability is characteristic in 
autonomic dysfunction (4). We present here the first 
report of hemodynamic monitoring with pulmonary 
arterial catheterization before, during, and after an- 
esthesia administered to a patient with orthostatic 
hypotension caused by autonomic dysfunction. In 
addition, we present, for the first time, measurements 
of plasma levels of catecholamines obtained periop- 
eratively and intraoperatively from such a patient. 


Case Report 


A 50-year-old, 50-kg white woman was admitted to the 
hospital in February 1981, for emergency repair of a path- 
ologically fractured right femur. 

The patient was known to have had orthostatic hypoten- 
sion of 1 year’s duration caused by autonomic dysfunction, 
which itself probably occurred as a complication of dissem- 
inated breast carcinoma, Marked orthostatic hypotension 
had developed in February 1980, and was characterized at 
that time by a decrease in blood pressure from 114/84 torr 
(supine) to an unrecordable level while sitting (the patient 
became dizzy on sitting). 

An extensive search for a specific cause for her malady 
was unrevealing. In March 1980, a series of pharmacologic 
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studies was performed to define the nature of her autonomic 
insufficiency with the following results: (a) the patient's 
response to exogenous alpha and beta agonists (phenyleph- 
rine and isoproterenol) was abnormally brisk, (b) plasma 
catecholamine levels (radioenzymatic assay) in the supine 
position were markedly depressed, and (c) lymphocyte 
beta-receptor density was more than twice normal. These 
findings were consistent with autonomic neuropathy ac- 
companied by denervation hypersensitivity. 

The patient was treated with a regimen of d-amphet- 
amine, propranolol, fludrocortisone, sodium chloride, elas- 
tic stockings, and head-up body tilt at night, and was 
ambulatory on discharge in March 1980, with a supine 
blood pressure of 120/80 torr and an asymptomatic standing 
pressure of 78/50 torr. 

She was readmitted to the hospital in May 1980, with 
progressive lower extremity motor and sensory deficits. A 
left-sided Horner’s syndrome was present, as was auto- 
nomic colon dysfunction. Following a myelogram, which 
revealed block of the thoracic spinal canal from T1-11, a 
decompression laminectomy was performed. 

The patient returned to the hospital, as noted above, in 
February 1981. In addition to the femoral fracture, a left- 
sided hearing loss of 1 month’s duration was noted, as well 
as a new left VIIth cranial nerve palsy. A history of occa- 
sional seizures during the 6 months preceding this admis- 
sion was obtained. Previous hospital and anesthesia records 
could not be located at the time of the planned reduction of 
the fracture, and it was decided that, in view of the patient's 
history of severe orthostatic hypotension and the urgent 
nature of the procedure which precluded an extensive eval- 
uation, invasive hemodynamic monitoring was indicated for 
optimal preoperative, intraoperative, and postoperative 
management. 

Premedication consisted of morphine, 8 mg, and hy- 
droxyzine, 75 mg IM. Fentanyl, 110 ug, was used for seda- 
tion during insertion of radial and pulmonary arterial cath- 
eters, during which time the patient remained comfortable 
and calm, Anesthesia was induced with thiopental, 200 mg 
IV, with tracheal intubation after pancuronium, 6 mg IV. 
Following induction, an additional 150 ug of intravenous 
fentanyl, 60% N20 in Os, and 4 mg of intravenous pancuro- 
nium along with controlled ventilation were used for anes- 
thesia during the 2-hour open reduction and intramedullary 
rodding of the fracture. The only cardiovascularly active 
drug used during the anesthesia was 33 ug of phenylephrine, 
which was administered intravenously 7 minutes before 
incision as a test dose over 3 minutes. Blood pressure before 
administration was 96/52 torr. Blood pressure responded 
briskly, increasing to 150/80 torr, following which phenyl- 
ephrine was discontinued. 

At the completion of surgery, residual neuromuscular 
blockade was antagonized with pyridostigimine, 10 mg IV, 
and glycopyrrolate, 0.05 mg IV, and the patient was awake 
and extubated immediately following the procedure. She 
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stated that she was comfortable, and she required no addi- 
tional medication during the 90 minutes immediately fol- 
lowing completion of surgery. 

Blood loss for the procedure totaled 1200 ml; volume 
replacement consisted of 500 ml of packed red blood cells, 
1000 ml of 5% albumin, and 2300 ml of crystalloid (Ringer’s 
lactate and 5% dextrose in Ringer’s lactate). 

Arterial blood samples for measurement of plasma cate- 
cholamine levels by both radioenzymatic assay and high- 
pressure liquid chromatography were obtained before, dur- 
ing, and after anesthesia and surgery (Figure). Two inde- 
pendent catecholamine assays were used to verify individ- 
ual values and trends in this uncommon condition. Hemo- 
dynamic data measured before, during, and after anesthesia 
and surgery are listed in the Table. 


Discussion 


Orthostatic hypotension of clinical significance oc- 
curs whenever the body is unable to maintain ade- 
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FiGurReE. Plasma catecholamine levels before, during, and after 
anesthesia and surgery: 1, awake, calm, immediately after ar- 
terial line insertion; 2, awake, calm, during insertion of pulmo- 
nary arterial catheter; 3, 1 minute after intubation; 4, 2 minutes 
after incision; 5, during surgery; 6, during surgery; 7, awake, 
calm, 10 minutes after surgery, in recovery room. 


quate cerebral perfusion because of a decrease in 
blood pressure on assuming the upright position (5). 
This may be caused by a decreased effective circulat- 
ing blood volume, or it may be associated with neu- 
rogenic dysautonomia caused by drugs, malignancies, 
peripheral neuropathies, or Parkinson’s disease (6). 
The patient whose case is reported above suffered 
autonomic dysfunction probably as a result of her 
associated metastatic breast carcinoma. Autonomic 
dysfunction with orthostatic hypotension associated 
with neoplasia is one of several different paraneo- 
plastic syndromes (7, 8). 

At times, the cause of the orthostatic hypotension 
associated with neurogenic dysautonomia is unknown 
and the condition is called idiopathic orthostatic hy- 
potension (9, 10). If, in addition, there is central 
nervous system involvement, it is called the Shy- 
Drager syndrome (4). 

The distinction between orthostatic hypotension 
caused by autonomic dysfunction related to a para- 
neoplastic syndrome and that caused by idiopathic 
orthostatic hypotension or the Shy-Drager syndrome 
is not always clear cut. It has been suggested that 
patients with idiopathic orthostatic hypotension with- 
out neurologic signs eventually develop the Shy-Dra- 
ger syndrome (10), although other workers dispute 
this theory (9). 

Orthostatic hypotension associated with carcinoma, 
idiopathic orthostatic hypotension, and the Shy-Dra- 
ger syndrome are uncommon conditions. Autonomic 
neuropathy with orthostatic hypotension is a rare 
concomitant of neoplasia (8). The incidence of idi- 
opathic orthostatic hypotension is unknown. Approx- 
imately 100 cases of the Shy-Drager syndrome were 
reported in the first decade following the initial de- 
scription of the syndrome (1). 

Anesthetic management of patients with autonomic 
dysfunction, whether central or peripheral, may be 
complicated by the loss of cardiovascular reflexes 
which commonly compensate for physiologic disturb- 


TABLE 
Hemodynamic Values before, during, and after Anesthesia and Surgery 
: Pulmonary : 
Central Pulmonary , Systemic Pulmonary 
Time of day perch ee venous arterial pair ae vascular vascular 
pressure pressure pressure resistance resistance 
beats/min torr L/min dynes-sec-cm7° 

1500 (awake, before surgery) 100 120/70 7 25/10 9 5.9 1642 151 
1530 (1 min after intubation) 102 130/80 7 28/21 14 5.6 2117 228 
1608 (2 min after incision} 90 112/61 7 31/16 11 5.4 1770 283 
1646 (during surgery) 87 107/65 2 22/11 10 3.4 2832 248 
1824 (awake, 10 min after surgery) 83 128/78 5 25/14 8 4.7 2495 241 
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ance (3). Such patients may have relatively fixed heart 
rates, may be relatively unresponsive to atropine 
(parasympathetic involvement) (3), and may exhibit 
defective vasoconstriction (postural hypotension 
caused by norepinephrine depletion in adrenergic 
nerve terminals) (10) and, consequently, disordered 
baroreceptor reflexes (3). Sweating may be absent, 
pupillary reflexes sluggish, and control of respiration 
abnormal (3). 

For the anesthesiologist, the importance of distin- 
guishing between patients with the Shy-Drager syn- 
drome and those with orthostatic hypotension caused 
by autonomic dysfunction without central nervous 
system involvement lies in their differing responses 
to pharmacologic intervention. Patients with the Shy- 
Drager syndrome, who seem to have normal periph- 
eral sympathetic nervous systems with defective cen- 
tral control, respond normally to indirectly acting 
sympathomimetic agents (e.g., tyramine, ephedrine) 
and are not abnormally sensitive to directly acting 
adrenergic agents (e.g., norepinephrine, phenyleph- 
rine, isoproterenol) (9, 11). Patients with orthostatic 
hypotension due to peripheral autonomic dysfunc- 
tion, however, are less responsive to indirectly acting 
amines and have exaggerated responses (denervation 
hypersensitivity) to directly acting agents (9). 

The patient described above showed evidence of 
such denervation hypersensitivity before her opera- 
tive procedure, and during surgery her blood pressure 
increased sharply following a 3-minute infusion of a 
small amount (33 pg) of the directly acting alpha- 
agonist phenylephrine, a response compatible with 
continued denervation hypersensitivity. If intraoper- 
ative hypotension had occurred, we would have 
treated it either with ephedrine or small amounts of 
phenylephrine. Caution in the use of adrenergic 
agents in patients with orthostatic hypotension due to 
autonomic dysfunction of any etiology is obligatory 
until the particular individual’s responsiveness to such 
agents has been determined. 

Before the operative procedure, only one relevant 
case report, (1) describing the anesthetic course of a 
patient with the Shy-Drager syndrome, could be lo- 
cated. This report described the use of an ultimately 
ineffective epidural anesthetic followed by general 
endotracheal anesthesia with methoxyflurane and 
N2O in Og, and an anesthetic course complicated by 
progressive arterial hypotension necessitating a con- 
tinuous 4-hour infusion of phenylephrine during the 
anesthesia and operation. 

We used fentanyl to avoid the risk of hypotension 
not infrequently seen with inhalation anesthetics even 


in physiologically normal patients. The apparent ef- 
fectiveness of fentanyl in sedating our patient during 
the insertion of cur monitoring devices prompted us 
to continue with fentanyl for maintenance of general 
anesthesia. 

The use of regional anesthesia in a patient with 
progressive neurologic disease is controversial, and 
because hypotension is not uncommon even in phys- 
iologically normal patients following administration 
of spinal or epidural anesthesia, we felt the risks of 
severe hypotension in a patient with a defective au- 
tonomic nervous system outweighed possible bene- 
fits, and so avoided regional anesthesia. 

The fact that this patient’s neurologic status ap- 
peared to have been changing over the months im- 
mediately before surgery prompted us to avoid suc- 
cinylcholine and to use a non-depolarizing relaxant 
instead, in view of reports of marked potassium efflux 
following succinylcholine use in patients with pro- 
gressive neurologic disease (12) with possible cardiac 
arrhythmias resulting from sudden hyperkalemia fol- 
lowing succinylcholine administration (13). However, 
succinylcholine has been used previously (1, 2) in 
patients with progressive autonomic dysfunction with 
no reports of associated cardiac disturbances. 

The plasma catecholamine levels shown in the Fig- 
ure indicate that a relatively small dose of fentanyl 
(5 pg/kg) along with 60% N:O was effective in sup- 
pressing intraoperative catecholamine release. The 
fact that the patient’s postoperative plasma catechol- 
amine levels were markedly elevated above preoper- 
ative and intraoperative values indicates that she was 
indeed capable of releasing catecholamines but that 
such release was suppressed by her anesthetic. Cate- 
cholamine values and changes in the patient we report 
are similar in magnitude and direction to those re- 
ported previously for humans with coronary artery 
disease who were anesthetized with fentanyl, 75 ug/ 
kg, and 100% Oz (14). Those patients, in turn, had 
control (preoperative) catecholamine levels similar to 
both normal volunteers and to patients without heart 
disease (14, 15). 

Exercise in physiologically normal man causes nor- 
epinephrine release (16). Both in patients with the 
Shy-Drager syndrome and those with orthostatic hy- 
potension caused by autonomic dysfunction, standing 
or exercise fail to cause an increase in plasma levels 
of norepinephrine (9). Thus, suppression of catechol- 
amine release during fentanyl anesthesia in such a 
patient may not reflect simply suppressed sympa- 
thetic function resulting from anesthesia. Neverthe- 
less, in the patient we report, the decrease in plasma 
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catecholamine levels seen during relatively low-dose 
fentanyl anesthesia resembled that seen during high- 
dose fentanyl anesthesia in patients without auto- 
nomic dysfunction (14). More data on plasma cate- 
cholamine levels during anesthesia and operation in 
patients with autonomic dysfunction are needed to 
explain these changes. 

Of the cardiovascular functions measured in the 
perioperative period in our patient, arterial blood 
pressure, central venous pressure, and cardiac output 
seemed roughly to parallel plasma catecholamine lev- 
els (Table and Figure). Systemic and pulmonary vas- 
cular resistances increased during anesthesia and op- 
eration, whereas plasma levels of catecholamines de- 
creased, The reason for this paradox is not apparent. 

A previous study (15) showed a positive correlation 
between changes in plasma catecholamine levels and 
mean arterial pressure during anesthesia and surgery, 
and concluded that changes in arterial pressure during 
surgical stress might be due to the pressor effects of 
released catecholamines. Adrenergic activation during 
surgical stress may be a response to afferent signals 
from the site of trauma (15). The apparent lack of 
adrenergic activation during surgery in our patient, 
who after surgery demonstrated the ability to mobilize 
catecholamines, together with her lack of pressor 
response to surgical stress and her condition on awak- 
ening from anesthesia, indicate that combined N2O 
and low-dose fentanyl anesthesia were effective in 
suppressing afferent input from the site of surgical 
repair. 

In summary, plasma catecholamine levels were as- 
sayed and hemodynamic function was monitored 
with a pulmonary arterial catheter before, during, and 
after anesthesia and operation in a patient with ortho- 
static hypotension due to autonomic dysfunction. An- 
esthesia with NeO and a relatively low dose of fen- 
tany! prevented both increases in plasma catechola- 
mine levels and detrimental cardiovascular responses. 
Fentanyl and N20 anesthesia thus provided cardio- 
vascular stability and prevented adrenergic activation 
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during general anesthesia and surgery in a patient 
with orthostatic hypotension due to autonomic dys- 
function. 
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Treatment of Priapism 
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Physostigmine 
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Priapism is persistent, painful, penile erection un- 
accompanied by sexual desire and unrelieved by sex- 
ual intercourse. It involves the corpora cavernosa but 
not corpus spongiosum or the glans penis. Priapism, 
if unrelieved in 24 to 36 hours, results in loss of sexual 
potency and the ability to attain orgasm in a signifi- 
cant percentage of affected patients (1). As the surgical 
treatment may be associated with loss of potency in 
50% of patients (2), conservative measures to relieve 
priapism should be attempted in the early stages. 
Anesthesiologists are frequently requested to attempt 
to treat these patients with the administration of 
regional anesthesia or sedatives. Gale (3) reported on 
the successful use of intravenous ketamine (0.5 mg/ 
kg) in the treatment of priapism in one patient. In our 
experience, utilizing ketamine alone, we noted partial 
success in two patients. In this report we present our 
experience in successfully treating two patients (one 
patient was treated twice) with ketamine and physo- 
stigmine. Addition of physostigmine apparently not 
only increased the effectiveness of ketamine but also 
decreased its unpleasant central nervous system side 
effects. 


Case Reports 


Case 1 


A 25-year-old black man with a history of chronic renal 
failure was admitted to the hospital for renal hemodialysis. 
At the time of admission, drug therapy included propran- 
olol, chlorothiazide, hydralazine, and allopurinol. Physical 
examination was unremarkable. The laboratory findings 
included blood urea nitrogen of 99 mg/dl, hemoglobin 10.5 


* Associate Professor. 

} Assistant Professor. 

+t Resident. 

Received from the Department of Anesthesia, Indiana University 
School of Medicine, 1100 West Michigan Street, Indianapolis, 
Indiana 46202. Accepted for publication April 19, 1982. 

Reprint requests to Dr. Ravindran. 


g/dl, calcium 9.0 mg/dl, and potassium 4.8 meq/L. Four 
hours before the scheduled time of hemodialysis, he noted 
spontaneous painful penile erection. He claimed he had 
never experienced priapism earlier, An ice pack was placed 
around the penis and 75 mg of meperidine was given 
intramuscularly. He was given 5000 units of heparin IV 
before the hemodialysis. Following hemodialysis, the ab- 
normal biochemical values returned to near normal levels. 
The prothrombin time was 12 seconds (control 12.2 sec- 
onds) and the partial thromboplastin time was 32 seconds. 
Hemoglobin electrophoresis did not reveal sickle cell dis- 
ease or trait. Anesthesiology consultation was requested 8 
hours following the onset of priapism. Physical examination 
revealed a well developed male in mild discomfort. The 
penis was erect and could not be moved to the side or 
downward, The corpora cavernosae were turgid. An intra- 
venous cannula was inserted and 0.5 mg/kg of ketamine 
given. Soon the patient mumbled about seeing lights. About 
10 minutes later partial penile flaccidity was noted. Within 
5 minutes, physostigmine, in 0.5-mg increments totaling 1.5 
mg, was given over a 10-minute period. Further gradual 
penile detumescence was noted over a period of 1 hour. 
Complete penile flaccidity was noted 90 minutes following 
the administration of ketamine. Since that time the patient 
has not had a recurrence of priapism. 


Case 2 


An 18-year-old black man was admitted to the hospital 
because of priapism. His past medical history was unre- 
markable. He was not taking any medications. He stated 
that painful penile erection was noted after the second 
sexual intercourse within an hour. He had had priapism for 
4 hours before his admission. Examination revealed a young 
healthy man in moderate discomfort. The penis was erect 
and the corpora cavernosae were turgid. Laboratory findings 
were unremarkable except for a hemoglobin electrophoresis 
pattern positive for sickle cell trait. He was given meperi- 
dine, 75 mg IM, and an ice pack was placed around the 
penis. Three hours later, because of persistence of priapism, 
an anesthesiology consultation was requested. The patient 
was given, in 10-mg increments, ketamine to a total of 0.5 
mg/kg IV. This caused moderate hallucinations and in 15 
minutes, partial detumescence of the penis. Within 5 min- 
utes, physostigmine, in 0.5-mg increments to a total of 1.5 
mg, was given intravenously over a 10-minute period. The 
penis was completely flaccid 110 minutes following the start 
of ketamine administration. 

The patient was subsequently readmitted to this hospital 
2 months later because of another episode of priapism. The 
events that preceded the onset of the priapism were the 
same as had been reported during the earlier admission. 
The patient was given intravenous physostigmine in incre- 
mental doses of 0.5 mg, totaling 1.5 mg over a 10-minute 
period. Only partial flaccidity was noted in 30 minutes. 
Within 5 minutes, ketamine totaling 0.5 mg/kg was admin- 
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istered intravenously. Gradual detumescence resulted in 
total penile flaccidity 45 minutes following the administra- 
tion of physostigmine. 


Discussion 


Patients with priapism, if not treated early, will 
develop impotency or loss of ability to attain orgasm. 
However, no treatment has reliably produced con- 
sistent penile flaccidity without causing adverse side 
effects. Failure to develop an effective therapy could 
be attributed to the fact that the pathophysiology of 
priapism is poorly understood. In most cases (60% to 
80%) the etiology of priapism is unknown. In other 
cases, etiologic factors include sickle cell disease, 
sickle cell trait, perineal trauma, pelvic pathology, 
myeloproliferative disorders, psychotropic drugs, and 
certain cerebral conditions. As the pathophysiology 
of priapism is not clear, various investigators have 
observed varying degrees of success with their differ- 
ent treatments, which can be classified into conserv- 
ative and surgical. Conservative treatment includes 
application of an ice pack, application of pneumatic 
cuff around the penis (2), sedation, general anesthesia, 
regional anesthesia, deliberate hypotension, and ad- 
ministration of estrogens, anticoagulants, and fibrin- 
olytic agents (4). Surgical treatment includes needle 
puncture and irrigation of corpora cavernosae (5), 
unilateral and bilateral cavernosae-saphenous venous 
shunt (6, 7), cavernosum-spongiosum shunt (8), and 
cavernosum-dorsal vein shunt (9). Priapism, when it 
occurs in patients with sickle cell disease or myelo- 
proliferative disorders, responds well to treatment of 
the underlying disease (10, 11). Surgical treatment of 
idiopathic priapism is more effective than conserva- 
tive treatment. However, as the creation of venous 
shunt may result in loss of subsequent ability to 
achieve erection (2), conservative therapy should first 
be attempted in the early stages. Idiopathic priapism, 
if untreated, may last from 1 to 22 days (average 10 
days) (3). Eriksson et al (1), in reviewing the case 
histories of 83 patients who had received conservative 
or surgical treatment, noted that patients who had 
treatment initiated within 24 hours of the onset of 
priapism had better results than did patients who 
were treated after 24 hours. On the basis of this 
review, the authors recommended that patients with 
this condition should be treated conservatively first 
and surgically later, but within 24 hours of onset of 
priapism. 

Unfortunately, as the first episode of priapism is an 
embarrassing predicament to the patient, he often 
may not seek medical help for several hours. There- 
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fore, if conservative therapy is attempted, it must be 
effective. Gale (3) observed the development of penile 
turgescence in patients undergoing genitourinary sur- 
gery, whether they received regional or general an- 
esthesia. In 25 patients who received 0.5 mg/kg of 
ketamine at the time of induction of anesthesia, none 
developed penile turgescence. In two patients who 
did not receive ketamine at the time of induction but 
who developed penile turgescence during the opera- 
tion, partial detumescence was accomplished with the 
administration of 0.25 mg/kg of intravenous keta- 
mine. In one patient with priapism (not simple tur- 
gescence), partial penile detumescence and complete 
flaccidity was accomplished with the intravenous ad- 
ministration of 0.25 and 0.5 mg/kg of ketamine. Based 
on this experience, Gale stated that administration of 
0.5 mg/kg of intravenous ketamine might prevent, as 
well as treat, penile turgescence and priapism. In our 
experience, however, administration of 0.5 mg/kg of 
ketamine alone produced only partial penile detu- 
mescence in 2 hours in two patients with priapism 
that we observed (not reported here) in addition to 
the present two patients. Our present experience in 
three successful treatments of two patients indicates 
that a combination of ketamine with physostigmine 
is more likely to produce good results than reliance 
on ketamine alone. 

How or why ketamine may be efficacious in man- 
agement of priapism is not clear. Gale (3) stated that 
ketamine, by its dissociative property, might block 
the subconscious central response to peripheral penile 
stimulation. We speculate that priapism is the result 
of autonomic imbalance caused by intrinsic subcon- 
scious central stimulation. There are “‘polsters”’ in the 
arterial and venous ends of the corpora cavernosae 
(12). It is believed that priapism is caused by the 
failure of venous polsters to relax while arterial pols- 
ters contract and conceivably imbalance in the auto- 
nomic system could affect the proper functioning of 
these polsters. Ketamine may block the inciting cen- 
tral stimuli. In addition, ketamine causes both para- 
sympathetic and sympathetic stimulation as clinically 
manifested by the fact that administration of ketamine 
is associated with increase in salivery secretions, heart 
rate, and blood pressure. Physostigmine stimulates 
the parasympathetic system, and this may aid in 
causing relaxation of vascular sphincters in corpora 
cavernosae (polsters). By altering the intrinsic tone of 
the autonomic nervous system, these two drugs seem 
to correct the pathophysiology of priapism. 
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Homocystinuria (alternatively, homocystinemia) is 
an inborn error of metabolism that is due to the 
failure of transsulfuration of the precursors of cys- 
teine, an important constituent of the cross-linkages 
(1-4) in collagen. The affected person's weakened 
collagen explains most of the condition’s clinical man- 
ifestations: dislocation of the lens; osteoporosis of 
long bones; lax ligaments; lengthened extremities; 
kyphoscoliosis; genu valgum; brittle, light-colored 
hair; flat feet; and malar flush (1-4). Lack of hyper- 
extensibility of the joints differentiates the patient 
with homocystinuria from the patient with Marfan’s 
syndrome (5). Another prominent but unexplained 
stigma of homocystinuria is mental retardation, which 
may be prevented by early diagnosis, dietary man- 
agement, and pyridoxine administration. Although 
homocystinuria is an autosomal recessive disorder, 
the stigmata in an affected individual may range from 
few to many (1-4, 6). Its incidence is approximately 
1:200,000 (1:40,000 in Ireland) (4). 

The patient suffering from this inborn error ex- 
cretes large amounts of homocystine and methionine. 
The diagnosis is usually confirmed by the presence 
of homocystine in the urine. 

Affected persons may die at an early age due to 
thromboembolic phenomena (1-4). Breakage and 
fraying of the collagen in the media of vessels are 
thought to lead to the loss of endothelial cells from 
the vessel wall, which initiates intravascular clotting 
and platelet consumption (5, 7). Some investigators 
report that the affected person’s platelets show vacu- 
olization, are less adherent, and have abnormal aggre- 
gation (1, 4, 7); other investigators have not found 
these stigmata (8-10). It is also thought that the ho- 
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mocysteine in the blood activates the Hageman or 
contact factor (4). 

With the recent advances made in diagnosis, pro- 
phylaxis, and management of homocystinuria, many 
patients who would have previously succumbed to 
the complications of the disease, now survive for 
much longer periods and may present themselves for 
anesthesia. Patients with homocystinuria may require 
general anesthesia on an emergency basis for unilat- 
eral or bilateral lens extraction for ectopia lentis, to 
which they are prone. Fatal episodes of thromboem- 
bolic phenomena may occur in these patients follow- 
ing general anesthesia. Consequently, we present a 
case report of a patient with homocystinuria, and we 
offer some suggestions that may be helpful in the 
management of similar cases. 


Case Report 


The patient was an 11-year-old girl with bilateral sub- 
luxed lenses and increasing intraocular pressure. Initially, 
she was treated conservatively with pilocarpine drops, man- 
nito] (50 g) infusions, sedation, and bed rest. She did not 
respond to this regimen, and she was therefore scheduled 
for emergency surgery for bilateral lens manipulation and 
possibly lens extraction. 

Before this current admission, the patient had been ob- 
served by the Orthopedic Department for her scoliosis and 
by the Neurology Department for mild mental retardation, 
poor development, and persistent headache. It was during 
the neurologic evaluation (8 months before her current 
admission) that the diagnosis of homocystinuria was made. 
The diagnosis was confirmed by the presence of large 
quantities of homocystine and methionine in her urine. 
Homocystine urinary level was 325 ug/24 hr (homocystine 
is not normally present in the urine) and methionine urinary 
level was 146 ug/24 hr (normal range 20 to 95 ug/24 hr). 
Plasma methionine levels were 39 yg/100 ml (normal range 
1.3 to 3.9 ug/100 ml). There were no significant cardiopul- 
monary or renal problems. Her platelet count was 178,000/ 
mm, prothrombin time 14/11 seconds, and partial throm- 
boplastin time 22/24 seconds. Hematocrit was 33.9%. Elec- 
trocardiogram, serum electrolyte levels, and other labora- 
tory data were within normal limits. Her weight was 38 kg. 
She was being given vitamin supplements of Be, Biz, and 
folic acid for her homocystinuria. 

The patient was premedicated with morphine sulfate, 4 
mg IM; secobarbital, 40 mg IM; and glycopyrrolate, 0.2 mg 
IM. She was preoxygenated for approximately 3 minutes 
and a rapid sequence induction with intravenous atropine, 
0.2 mg; pancuronium, 4 mg; and thiopental was carried out. 
Cricoid pressure was applied before tracheal intubation. 
Anesthesia was maintained with halothane and nitrous 
oxide and ventilation was controlled. Dextran 40 (500 ml) 
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was used for fluid administration along with 400 mil of 
dextrose/saline solution during the 2-hour and 20-minute 
procedure. Her anesthetic course was uneventful, Pancuro- 
nium was reversed with atropine, 1.0 mg, and physostig- 
mine, 2.0 mg. 

At the end of the procedure, she was transferred directly 
to the pediatric intensive care unit. She was given 40% 
oxygen by face mask and was heparinized with 3000 units 
subcutaneously every 12 hours. She was observed closely 
for signs of pulmonary emboli (tachypnea, dyspnea, chest 
pains, etc), but arterial blood gas tensions were always 
within normal limits. She was started on a low-methionine, 
high-cystine diet. She became ambulatory as soon as her 
surgery permitted it, and heparin was discontinued after 72 
hours. 

In the postoperative period, she was given pyridoxine, 
500 mg, orally 4 times daily and dipyridamole (Persantin), 
50 mg, orally 4 times daily. Forty-eight hours after surgery, 
she appeared to be doing well and was transferred to the 
pediatric floor. She continued to make good progress and 
was discharged home on the Sth postoperative day. 


Discussion 


It has been well demonstrated by McDonald et al 
(11) that patients with homocystinuria are prone to 
develop spontaneous thromboembolic phenomena. 
These phenomena are probably due to the activation 
of the Hageman factor by homocystine, resulting in 
increased adhesiveness of the platelets in the periph- 
eral blood. 

The specific defect in homocystinuria is believed to 
be due to a deficiency of the enzyme cvystothionine 
synthetase in the liver with the deficiency of cysteine 
in the neonatal period, when the need for cysteine is 
great. Because of this enzymatic deficiency, plasma 
levels of methionine and homocystine are elevated 
and urinary excretion of homocystine is increased. 
When tested with nitroprusside (a test specific for 
homocystinuria), the patient’s urine develops a char- 
acteristic magenta color. The urine may have a foul 
odor. 

In animals, intravenously or intraperitoneally ad- 
ministered homocystine increases vascular endothe- 
lial cells in the circulating blood. Loss of such cells 
from the intima results in areas where the collagen is 
exposed and causes clotting to occur. Concommi- 
tantly, the number of circulating platelets decreases 
(7, 12). Harker et al (7) point out that in humans, 
effective treatment of these patients with dipyrida 
mole mimics thromboembolism caused by prosthetic 
valves, They conclude that “. .. the underlying proc- 
ess of homocystinemic thrombosis probably involves 


formation of platelet thrombus on altered nonepithe- 
lialized endarterial surfaces.” 

The case repor: of Vandresse et al (13) documents 
the seriousness of the vascular stigma of the patient 
with homocystinuria. An 8-year-old boy presented 
with mental retardation, dislocated lens, right hemi- 
paresis since age 15 months, and the recent onset of 
left facial paralysis. A few days after a carotid angio- 
gram, the child died of a posterior myocardial infarc- 
tion confirmed at autopsy. In addition, the autopsy 
demonstrated old cystic lesions as well as new intra- 
vascular clotting of the carotid artery and new cerebral 
hemorrhages. 

Management of homocystinuria consists of a diet 
low in methionine with supplements of cystine, cho- 
line, vitamin Bye, and folic acid. Large doses of pyri- 
doxine have been shown to be of value in controlling 
and even reversing some of the symptoms. Homocys- 
tine has been found to increase platelet adhesiveness 
both in vivo and in vitro (11) and this is clearly related 
to the increased tendency to intravascular thrombosis. 
Pyridoxine, which acts as a co-enzyme in the meta- 
bolic pathway of methionine, has been shown to 
decrease platelet adhesiveness and thus lessen the 
risks of thromboembolic phenomena. If a patient is 
not receiving pyridoxine before surgery, it should be 
started after surgery as soon as possible. 

In addition to the basic investigations routinely 
carried out in all cases, particular attention must be 
paid to the coagulation profile. The hematocrit, clot- 
ting time, prothrombin time, and partial thrombo- 
plastin time should be determined. In some institu- 
tions, postoperative follow-up studies of fibrin split 
products, platelet aggregation studies, and beta- 
thromboglobulin levels provide valuable information 
for effective therapy against intravascular thrombosis. 

The goals of anesthetic management should be: (a) 
maintenance of high cardiac output and rapid circu- 
lation time, (b) reduction of blood viscosity and plate- 
let stickiness, (c) reduction of vascular resistance and 
improvement of peripheral perfusion, (d) good ve- 
nous return, (e) avoidance of dehydration and stress, 
and (f) rapid recovery from anesthesia with early 
postoperative ambulation. To achieve these goals, 
careful attention must be paid to the intraoperative 
administration of fluids (14). Preoperative hydration 
will minimize the risk of problems during induction 
of anesthesia. Crcoke et al (15) have recommended 
the use of Macrodex (dextran with an average molec- 
ular weight of 70,000). We used dextran 40 because, 
like dextran 70, it diminishes platelet adhesiveness. 
An attempt to decrease the viscosity of the blood was 


ANESTHESIA AND ANALGESIA 
Vol 61, No 8, August 1982 


709 


CLINICAL REPORTS 


successful following the administration of generous 
amounts of dextran 40 and dextrose/saline solution. 
Dextrose solutions should be administered in addition 
to the dextran 40 because patients with homocystin- 
uria are prone to develop hyperinsulinemia and hy- 
poglycemia. As a further precaution against stasis of 
blood in the vulnerable venous system of calf muscles, 
the legs should be wrapped in elastic bandages or 
appropriate stockings. Intermittent changes in the 
position of the operating table when feasible during 
surgery should be carried out to facilitate peripheral 
venous return. 

No particular drug is indicated or contraindicated 
in the anesthetic management of homocystinuria. In- 
halation anesthetics are probably a better choice than 
narcotic analgesics as the latter could have residual 
respiratory depressant effects that could delay early 
postoperative ambulation. If nitrous oxide can be 
omitted from the anesthetic regimen, it may be theo- 
retically advantageous as the possible hematopoietic 
depression and thrombocytopenia associated with 
long-term nitrous oxide administration might inter- 
fere with the body’s clotting mechanisms in suscep- 
tible patients (16). 

Although general anesthesia can induce postanes- 
thetic thrombotic episodes, regional anesthesia is not 
without risk. Any nerve block that is performed in 
areas close to large- and intermediate-sized vessels, 
e.g, brachial plexus block, could initiate vascular 
damage culminating in thromboembolic phenomena. 
Spinal anesthesia, although not usually involving any 
significant blood vessels, could produce peripheral 
vascular stasis secondary to the sympathetic block 
produced. For the same reason, but to a lesser extent, 
epidural anesthesia is relatively contraindicated. Cere- 
bral or carotic angiography with or without anesthesia 
is notorious for producing fatal thrombosis in these 
patients and should be avoided if possible. Following 
anesthesia, all patients should be observed for 36 to 
48 hours in an intensive care facility. Further prophy- 
laxis against coronary thrombotic episodes may be 
achieved by using dipyridamole (Persantine). 

In summary, we have described a patient with 
homocystinuria who received general anesthesia for 
bilateral lens extraction. Homocystine, because of its 
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effect on platelet adhesiveness, may result in serious 
thromboembolic phenomena, especially following 
general anesthesia. To minimize these risks, special 
attention must be paid to fluid administration and the 
avoidance of dehydration and hypovolemia, the re- 
duction in blood viscosity and platelet aggregation, 
and the maintenance of good venous return and the 
early ambulation of the patient. Recognition and con- 
trol of this condition before surgery and judicious 
management after surgery could reduce the anesthetic 
morbidity and mortality of these already burdened 
patients. 


REFERENCES 


1. Rosenberg LE. Disorders of amino acid metabolism: the ho- 
mocysteines. In: Isselfacher KH, Adams RD, Braunweld E, 
Petersdorf RG, Wilson JD, eds. Harrison's principles of internal 
medicine. 9th ed. New York: McGraw-Hill Co, 1980:463-8. 

2. Rosenberg LE, Scriver CR. Disorders of aminoacid metabolism. 
In: PK Bondy, LE Rosenberg, eds. Metabolic control and dis- 
ease. Bth ed. Philadelphia: WB Saunders, 1980:662-7, 

3. Mudd SH, Levy HL. Disorders of transsulfuration. In: Starbury 
JB, Syngaarden JB, Frederickson OS, eds. The metabolic basis 
of inherited disease. 4th ed. New York: McGraw Hill Book Co, 
1978:458-503. 

4. Wyngaarden JB. Homocystinuria. In: Beeson PB, McDermott 
W, Syngaarden JB, eds. Cecil textbook of medicine. 15th ed. 
Philadelphia: WB Saunders Co, 1979:2028-9, 

5. Carson NAJ, Dent CE, Field CMB, Gault GE, Homocystinuria: 
clinical and pathological review of ten cases, J Pediatr 1965; 
66:565~83. 

6. Grieco AJ. Homocystinuria: pathogenic mechanisms. Am J 
Med Sci 1977; 273:120-32. 

7. Harker LA, Slichter SJ, Scott R, et al. Homocysteinemia: vas- 
cular injury and arterial thrombosis. N Engl J Med 1974; 
291:537-43. 

8. Uhleman ER, TenPas JH, Lucky AV, et al. Platelet survival and 
morphology in homocystinuria due to cystathionine synthase 
deficiency. N Engl J Med 1976; 295:1283~6, 

9, Scott CR. Platelet survival in homocystinuria. N Engl J Med 
1976; 295:1200. 

10. Harker LA, Scott CR. Platelets in homocystinuria. N Engl J 
Med 1977; 296:818. 

11. McDonald L, Bray C, Love F, Davies B. Homocystinuria, throm- 
bosis and the blood platelets. Lancet 1964; 1:745-6. 

12. Hladovec J. Experimental homocystinemia, endothelial lesions 
and thrombosis. Blood Vessels 1979; 16:202-S. 

13. Vandresse JH, de St Hubert E, Evrand P. Homocystinuria and 
carotid arteriograph. Neuroradiology 1978; 17:57~8, 

14. Grover VK, Malhofra SK, Kaushik S. Anaesthesia and homo- 
cystinuria. Anaesthesia 1979; 34:913~4. 

15. Crooke JW, Towers JF, Taylor WH. Management of patients 
with homocystinuria requiring surgery under general anaes- 
thesia. Br J Anaesth 1971; 45:96-9. 

16. Johnson MC, Swartz HM, Donati RM. Hematologic alterations 
produced by nitrous oxide. Anesthesiology 1971; 34:42-8. 


me... 


Malignant 
Hyperthermia 
Associated with 
isoflurane Anesthesia 


To the Editor: 


Malignant hyperthermia has been 
associated with most of the currently 
used inhalation anesthetic agents (1- 
3). The case described below is be- 
lieved to be the first such occurrence 
with isoflurane anesthesia. 

Case Report. A muscular 28-year- 
old Mexican-American, 91-kg man 
was scheduled for open reduction and 
internal fixation of a fracture of the 
right humerus following a gunshot 
wound sustained 1 year previously. 
No surgery was performed at that 
time. The patient was a heroin addict 
and had been on a methadone main- 
tenance program until 1 week before 
admission. He also had a history of 
hepatitis with chronic elevation of 
plasma levels of serum glutamic oxal- 
oacetic transaminase (SGOT) and se- 
rum glutamic pyruvic transaminase 
(SGPT) (Table). The patient was not 
given an anesthetic. Preoperative 
physical examination was unremark- 
able. No one in the patient’s family 
who had undergone any surgical pro- 
cedures under general anesthetic had 
experienced any anesthesia-related 
problems. 

The patient was premedicated with 
intramuscular meperidine, 50 mg, and 
hydroxyzine, 50 mg. On arrival in the 
operating room vital signs were as 
follows: blood pressure, 110/70 mm 
Hg; pulse, 70 beats per minute, res- 
pirations, 16 breaths per minute, and 
oral temperature, 36.8°C. Induction 
of anesthesia at 8:15 a.m. was with 
sodium thiopental, 675 mg, preceded 
by d-tubocurarine, 3 mg, and fol- 
lowed by succinylcholine, 100 mg. An 
8-mm tracheal tube was inserted 
without difficulty under direct laryn- 
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goscopy. Anesthesia was maintained 
with a mixture of nitrous oxide and 
oxygen (3:2 L/min) and 2% isoflurane 
with manually assisted respirations at 
the rate of 12 to 16 breaths per min- 
ute. Vital signs remained stable for 
2% hours after induction when the 
patient suddenly developed a tachy- 
cardia of 130 beats per minute and 
tachypnea of 30 breaths per minute. 
Within a period of 5 minutes the 
esophageal temperature increased to 
38°C and the soda lime absorber ex- 
hibited telltale signs of exhaustion 
and was changed. Over the next 20 to 
25 minutes, the esophageal tempera- 
ture rose to 40°C and the pulse rate 
increased to 180 beats per minute. 
The blood pressure was unchanged. 
A tentative diagnosis of malignant 
hyperthermia was made and the fol- 
lowing measures were initiated: ice 
packs were applied to all exposed 
areas, gastric lavage was commenced 
with iced saline, and lactated Ringer’s 
solution was infused intravenously. 
Isoflurane and nitrous oxide were dis- 
continued and the patient was hyper- 
ventilated with 100% oxygen. Arterial 
blood gas tensions were: Po,, 99 torr; 


TABLE 


Pco,, 73 torr; pH 7.11; bicarbonate, 22 
meq/L, and a base deficit of 5 meg/ 
L. Dantrolene sodium, 200 mg, and 
sodium bicarbonate, 176 meg, were 
given intravenously. A Foley catheter 
was inserted and 1200 ml of urine 
was obtained which was normal in 
appearance and on subsequent ex- 
amination did not contain myoglobin. 
The operation was completed in an 
expeditious manner at 11:30 a.m. and 
% hours later (12 noon) the tempera- 
ture was 37°C and arterial Po, was 
277 torr, Peo, 32 torr, pH 7.41, bicar- 
bonate of 20 meq/L, and base deficit 
3.7 meq/L. The temperature re- 
mained at 37°C. The patient was 
taken to the intensive care unit for 
further observation. Oral dantrolene, 
90 mg, was administered 4 times a 
day for 3 days. The temperature re- 
mained between 37.2 and 37.7°C. The 
remainder of the postoperative course 
was unremarkable and the patient 
was discharged 5 days later. 

This patient had, except for the 
absence of masseter rigidity during 
intubation, many of the abnormalities 
associated with malignant hyperther- 
mia. The syndrome was suspected 


Plasma Enzyme and Electrolyte Levels before, during, and after Anesthesia 


Normal 
values for Preoper- 
LAC-USC ative (9/ 
Medical 28/81) 
Center 


CPK (U/L) 25-200 143 
LDH (U/L) 200-500 508 
SGOT (U/LO 5-40 144 
SGPT (U/L) 5-40 293 
Aldolase (U/L) 7 
Serum 
Potassium (meq/ 3.7-5.1 4.4 
L) 
Calcium (mg/dl) 8.6-10.3 10.5 
Creatinine (mg/ 0.4-1.3 1.0 
dj) 
BUN (mg/dl) 6-25 14 


Values in patient 


intraoperative Postoperative 
10:45 Naon 
(4 hr) 24 hr 48hr days 
(2 hr) 
4790 - 4290 2065 187 
618 731 632 516 
139 110 179 59 
210 170 54 96 
36 
6.8 4.0 3.8 3.9 3.7 
7.6 8.5 8.5 8.4 8.7 
1.6 . 1.2 1.0 0.9 0.9 
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before the temperature began to in- 
crease when tachycardia, tachypnea, 
and increased carbon dioxide produc- 
tion, as evidenced by exhaustion of 
the soda lime, occurred. The condi- 
tion was confirmed by the increase in 
temperature and the occurrence of 
combined metabolic and respiratory 
acidosis. 

The chronic elevation of plasma 
levels of liver enzymes in our patient 
was probably due to the fact that he 
was a drug addict with chronic active 
hepatitis rather than a manifestation 
of his susceptibility to malignant hy- 
perthermia. Unfortunately, a muscle 
biopsy was not obtained, but despite 
its absence we feel that the findings 
are compatible with a diagnosis of 
malignant hyperthermia. 

Mary M. Joseph, MD 

Kamallata Shah, MD 

John F. Viljoen, MD 

Department of Anesthesiology 

University of Southern California 
Medical Center 

Los Angeles, CA 90033 
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Isoflurane and 
Malignant 
Hyperthermia 


To the Editor: 

In vitro (1, 2) and in vivo (Murphy 
FL Jr, Nelson TE, Strobel GE, Jones 
EW. A comparison of halothane, iso- 
flurane, enflurane, and fluroxene in 
triggering malignant hyperthermia in 
susceptible swine. Abstracts of Sci- 
entific Papers. Annual Meeting of the 
American Society of Anesthesiolo- 
gists, 1973, pp 181-2.) data suggest 
that isoflurane may act to trigger ma- 


112 


Vol 61, No 8, August 1982 


ANESTHESIA AND ANALGESIA 


LETTERS TO THE EDITOR 


lignant hyperthermia. The following 
case report describes such an in- 
stance. 

Case Report. The patient was a 
muscular, 17-year-old black man who 
was 183 cm tall and weighed 94 kg. 
Except for the present injury, a 
bucket-handle tear of the lateral me- 
niscus of the right knee incurred 
while playing football, he was in good 
health. He had never had surgery, and 
there was no family history of anes- 
thesia-related complications. Results 
of routine preoperative blood tests 
and urinalysis were normal. The pa- 
tient was schedule for a right arthros- 
copy-arthrotomy and lateral menis- 
cectomy. 

At 10:35 a.m. the patient received 
meperidine, 35 mg, promethazine, 25 
mg, and atropine, 0.4 mg. He was 
brought to the operating room (room 
temperature that day averaged 
18.9°C) at 11 a.m. Immediately before 
induction, blood pressure was 160/95 
torr, pulse rate 112 beats per minute, 
oral temperature 36.7°C, and axillary 
temperature 37°C. At 11:10 a.m., 300 
mg of thiopental was given followed 
by 0.5% to 2.5% isoflurane in 67% 
nitrous oxide (total flow of 6 L/min). 
Five minutes later, cephalothin, 2 g, 
was given intravenously. Pressure and 
pulse decreased to 100/60 torr and 78 
beats per minute, respectively, and 
were stable until 11:30. At that time, 
axillary temperature had decreased 
slightly to 36.7°C, Between 11:30 and 
11:35, succinylcholine 0.2% was in- 
fused and arthroscopy begun. By 
11:35, blood pressure had increased 
to 135/95 torr and pulse rate to 118 
beats per minute. Succinylcholine in- 
fusion ceased at 11:35 and blood pres- 
sure and pulse rate decreased to 120/ 
75 torr and 104 beats per minute, 
respectively, and were stable until 
11:55. At that time, a decision was 
made to proceed with an arthrotomy. 
At 11:55 succinylcholine again was 
infused to facilitate orotracheal intu- 
bation which was accomplished with- 
out difficulty, but with an associated 
increase in pulse rate to 125 beats per 
minute. By 12:00 to 12:05 p.m., tem- 
perature had increased slightly to 
36.9°C and the blood pressure and 
pulse rate decreased to 105/65 torr 
and 120 beats per minute, respec- 
tively. The isoflurane concentration 
was reduced to 2% at 12:10 with a 


slight subsequent increase in blood 
pressure. 

Temperature now began to rise 
reaching 37.5°C by 12:15 and 38.2°C 
by 12:30. Movement or shivering had 
been noted, and malignant hyperther- 
mia diagnosed. All anesthetics were 
discontinued at 12:30, and the tour- 
niquet was released at 12:40. Surgery 
was completed by 12:45, at which 
time temperature had risen to 39°C. 
The carbon dioxide absorber was 
noted to be hot to touch and the 
absorbant was turning purple. A non- 
rebreathing system was substituted 
for the circle absorption system with 
a 7-L/min delivery of oxygen. 

During the next 15 minutes, the 
bladder and stomach were irrigated 
with iced saline, and dantrolene and 
sodium bicarbonate were infused. 
The patient was further cooled with 
ice applied to the surface of the body. 
The temperature stabilized at 40.6°C 
and then decreased. Other subse- 
quent therapy included dexametha- 
sone, methylprednisolone, 50% glu- 
cose, and crystalloid infusion. Further 
doses of dantrolene (total dose 120 
mg) and sodium bicarbonate (total 
dose 700 meq) were administered. 
The latter was given to relieve a se- 
vere metabolic acidosis diagnosed 
from an arterial blood sample ob- 
tained at approximately 1:00 p.m. (pH 
6.78; Poo, 120 torr; BE —21 meg/L; 
Po, 256 torr). Serum potassium level 
was 6.9 meq/L. 

By 1:10 the patient was responding 
to commands but was agitated, in part 
because of the continued presence of 
the endotracheal tube. Transient pul- 
monary edema was associated with 
the administration of large amounts 
of fluid and sodium bicarbonate, but 
otherwise recovery occurred without 
further incident. 

Dantrolene, 25 mg, was given 
orally 3 times a day for the first 3 
postoperative days. Serum creatine 
phosphokinase (CPK) values ex- 
ceeded 6000 mU/m! for the first two 
postoperative days, decreasing to 
4325 mU/mi on day 3, and to 1900 
mU/ml on day 4. Lactic dehydrogen- 
ase (LDH) and serum glutamic oxal- 
oacetic transaminase (SGOT) levels 
were modestly increased to 420 to 430 
and 160 to 230 mU/ml, respectively, 
on the first two postoperative days 
and thereafter decreased. The patient 
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was discharged on the fifth postop- 
erative day. 

Several factors may have contrib- 
uted to the rapid rise in temperature 
seen in this patient. Prime among 
these is the administration of isoflur- 
ane. Another factor is succinylcholine 
(total dose 100 mg), which was asso- 
ciated with a marked increase in pulse 
rate (20 to 40 beats/min) with each 


administration. One might also con- _ 
sider that other drugs given in the 


preoperative period (e.g., prometha- 
zine or atropine) acted as triggering 
agents, but this would seem unlikely 
in view of the delay between their 
administration and the appearance of 
hyperthermia. Also, generation of 
heat might have been increased by 
the large muscle mass possessed by 
this youth and by the shivering asso- 
ciated with the steepest portion of the 
rise in temperature. Heat loss may 
have been limited by the patient’s 
smaller than normal surface-to-vol- 
ume ratio, by atropine premedication, 
and by surgical drapes which covered 
nearly all surfaces that might have 
been used to eliminate heat. 

We conclude that isoflurane, per- 
haps in concert with other factors, 
possibly triggered malignant hyper- 
thermia. An awareness that this rare 
malady may occur during isoflurane 
anesthesia is essential to the recogni- 
tion and prompt treatment of this po- 
tentially disastrous event. 


Julia Boheler, CRNA 

John C. Hamrick, Jr., MD 
Rodney L. McKnight, MD 
Cleveland Memorial Hospital 
Shelby, NC 28150 


Edmond I. Eger I], MD* 
Department of Anesthesia 
University of California 
San Francisco, CA 94143 
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Pseudohypotension 


To the Editor: 


Controlled hypotension facilitates 
clipping of intracranial aneurysms by 
decompressing the aneurysm at the 
time the clip is applied. With aneu- 
rysms of the carotid circulation, the 
risk of systemic hypotension may be 
avoided by ipsilateral carotid com- 
pression. To do this, the anesthetist 
reaches up under the drapes, through 
the tangle of ventilator and monitor- 
ing equipment, and palpates the ca- 
rotid artery in the neck. The artery 
is then intermittently compressed 
against the cervical vertebrae coinci- 
dent with the surgeon’s manipulation 
of the aneurysm. We recently cared 
for two patients in whom this maneu- 
ver was associated with profound hy- 
potension. In one, who was 26 weeks 
pregnant, mean arterial pressure de- 
creased to 22 torr. In neither case was 
there a change in pulse rate or in the 
shape of the arterial wave form. Al- 
though we initially speculated -about 
various possible reflex mechanisms, 
the absence of change in heart rate 
mitigated against such a conclusion. 
We normally place the arterial line in 
the dorsalis pedis artery but in both 
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of these cases the cannula was placed 
in the ipsilateral radial artery. A re- 
view of the anatomy of the neck 
showed that in compressing the ca- 
rotid artery low in the neck it is also 
possible to compress the ipsilateral 
subclavian artery. In a subsequent pa- 
tient, this was confirmed (Figure), 

In addition to making our col- 
leagues cognizant of this form of 
pseudohypotension, we suggest that 
the arterial line be placed in the dor- 
salis pedis artery or, failing this, in 
the contralateral radial artery. 

Adrian W. Gelb, MB, ChB 
Arthur M. Lam, MD 
Department of Anaesthesia 
University Hospital 
London, Ontario N6A 5A5 
Canada 


Fe ae. 
The Silent Ventilator 


To the Editor: 


The Narco Airshields “Ventimeter 
Controller” is a widely used and rel- 
atively trouble-free ventilator for op- 
erating room use. It is quiet while in 
normal operation and is equipped 
with a loud, insistent disconnect 
alarm. 
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FIGURE. Top, Electrocardiogram shows no change in heart rate. Bottom, Dramatic 
drop in blood pressure with carotid compression is shown. Note that this is not 
rounded wave form usually seen with damping. 
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Recently, the timer valve failed in 
a 1-year-old Ventimeter Controller in 
our operating room. This occurred 
within one cycle and the ventilator 
ceased cycling with the bellows in the 
fully extended position. As there was 
no loss of pressure, the disconnect 
alarm did not sound, and as the Ven- 
timeter is so quiet in operation, the 
noise level in the anesthesia area did 
not abruptly drop (a useful indicator 
of ventilator failure of older, noisier 
machines). 

We are writing to remind those 
who use the Ventimeter Controller of 
the limitations of the alarm systems 
(loss of pressure only) and to remind 
anesthetists who may come into con- 
tact with this instrument for the first 
time that cessation of cycling noise 
may not be as useful a secondary 
alarm as it is with other ventilators. 
Listening to the gas flow within the 
patient’s trachea with a pretracheal or 
esophageal stethoscope remains the 
simple mainstay of careful ventilatory 
monitoring. 

Frank H. Sarnquist, MD 
Kathryn Demas, MD 
Department of Anesthesia 
Stanford University School 

of Medicine 
Stanford University Service 
Veterans Administration Hospital 
Palo Alto, CA 94304 


Isobaric Spinal 
Anesthesia 


To the Editor: 


We were interested to read the pa- 
per by Levin and colleagues (1). As 
the paper questions work from this 
department, suggesting that isobaric 
solutions are preferred for lower limb 
and perineal surgery, we would like 
to comment. 

Our studies (2, 3) have shown that 
isobaric tetracaine solutions produce 
sensory level blocks with a mean 
maximum height limited to the low 
thoracic level irrespective of drug 
dosage. Levin and colleagues found 
that isobaric solutions spread consid- 
erably higher. It is important to con- 
sider why there is this difference in 
results. 

We almost always used 25-gauge 
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needles and injected in solutions at 1 
ml/5 sec; these were prepared by di- 
luting 1% tetracaine to 0.5% with sa- 
line. Levin and co-workers used 22- 
gauge needles, diluted with cerebro- 
spinal fluid (CSF) and did not quote 
a speed of injection although the 
faster rate likely with a larger needle 
might increase spread. The difference 
in patient position between their 
work and ours is irrelevant because 
the spread of isobaric solutions has 
been shown to be unaffected by po- 
sition (3). 

Dilution with “warm” CSF rather 
than “cold” saline might be impor- 
tant, but we would expect a cooler 
solution to have a higher initial bar- 
icity and thus spread further in the 
supine patient. However, the differ- 
ence between resulis shows the re- 
verse of that which might be expected 
from a “thermal” explanation, so it 
would seem that that may be dis- 
counted. 

What of the “bulk” effect of using 
CSF as a diluent? A paper presented 
at the 1982 annual meeting of The 
American Society of Regional Anes- 
thesia by Foelschow, Batra, and Mul- 
roy from The Mason Clinic in Seattle 
pointed out that prior removal of CSF 
increases cephalad spread of hypo- 
baric tetracaine. Perhaps withdrawal 
of CSF for dilution has a similar effect 
with other solutions. 

The difference between the results 
from the two centers is almost cer- 
tainly due to differences in method- 
ology. We would certainly agree with 
their conclusion that other factors be- 
sides baricity affect the intrathecal 
spread of local anesthetic solutions. 


J.A.W. Wildsmith 

D. T. Brown 

Department of Anaesthetics 
Royal Infirmary of Edinburgh 
Lauiston Place 

Edinburgh EH 3 9YW 
Scotland 
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Epidural Analgesia in 
the Presence of 
Herpes Simplex Virus 
(Type 2) Infection 


To the Editor: 

Herpes simplex virus (HSV) type 
2 infection afflicts 0.5% to 1% of preg- 
nant women (1). The stress of labor 
and delivery can provoke an exacer- 
bation of the infection. Infants deliv- 
ered through the vaginal canal of 
mothers afflicted with HSV type 2 
infection are exposed to the risk of 
contracting systemic viral infection 
(2). Therefore, it has been recom- 
mended that delivery in these partu- 
rients be accomplished by cesarean 
section (2). Some of these patients 
might wish to remain awake and 
therefore would like regional anesthe- 
sia. Anesthesiologists, however, are 
faced with the question of whether or 
not regional anesthesia is a safe pro- 
cedure in these patients. In response 
to a leading question concerning the 
safety of regional anesthesia in these 
patients, Phillips (3) expressed his 
opinion that although regional anes- 
thesia by itself may not cause dissem- 
ination of infection, primary HSV 
type 2 might sometimes cause men- 
ingitis (2). In our review of the litera- 
ture, however, we noted only one 
documented case of generalized HSV 
type 2 infection, including the me- 
ninges, in a patient with severe im- 
mune deficiency syndrome. HSV 
type 2 infection has predilection for 
the perineal area and the cervix, 
whereas epidural anesthesia is gen- 
erally performed in the midlumbar 
area. Regional anesthesia is fre- 
quently performed in the presence of 
acute infections such as perineal ab- 
scess or chorioamnionitis without in- 
creased incidence of dissemination of 
infection. Even in the presence of 
acute viral infections such as herpe 
zoster, some clinicians recommend 
the performance of epidural sympa- 
thetic block of the involved derma- 
tone to prevent the development of 
postherpetic neuralgia (4). In their se- 
ries, Perkins et al (4) did not observe 
an increased incidence of dissemi- 
nated infection. Based on these con- 
siderations, we have performed con- 
tinuous epidural anesthesia in more 
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than 30 pregnant patients with HSV 
type 2 infection with good results and 
no complications. 


Ram S. Ravindran, MD 
C. D. Gupta, MD 
Carol A. Stoops, MD 
Department of Anesthesiology 
Indiana University School 

of Medicine 
Indianapolis, IN 46202 
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Chloroprocaine: 
Neurotoxicity and 
Formulations in 
Perspective 


To the Editor: 


The recent publication in this jour- 
nal by Moore et al (1) contains incor- 
rect and misleading information as 
well as innuendos that necessitate 
clarification of facts concerning com- 
mercially available 2-chloroprocaine 
(Nesacaine and Nesacaine-CE) solu- 
tions. The number of “additional” ad- 
verse experiences and the nature of 
the products’ formulation have been 
misrepresented. 

The paper purports to present 
“four additional cases” of prolonged 
neural blockade following use of 2- 
chloroprocaine for epidural anesthe- 
sia. In reality, five cases are presented 
in the paper, three of which have been 
extensively discussed at several sci- 
entific meetings and in print (2). The 
reference cited (2) is included in the 
paper by Moore et al, but recognition 
of previous reporting of these cases is 
ignored by these authors. Specifically, 
Moore’s cases 2, 3, and 5 were pre- 
sented previously in a “Nesacaine 
Update” (2), as cases 3, 13, and 11, 
respectively, and do not represent 
new information or, indeed, addi- 
tional cases. The first case reported 
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by Moore et al (1) came to our atten- 
tion after the last ““Nesacaine Update” 
was distributed in 1981, and, there- 
fore, could not have been presented 
previously even though the incident 
occurred in 1977. Pennwalt has been 
refused access to the details of 
Moore’s case 4, which apparently oc- 
curred in The Netherlands, even 
though the details of the case were 
known to the authors of the paper in 
question. This case presents a partic- 
ularly interesting problem as Nesa- 
caine and Nesacaine-CE are not mar- 
keted in The Netherlands, and the 
formulation and source of the 2-chlo- 
roprocaine solution used are not dis- 
closed in the paper. The formulations 
of 2~chloroprocaine distributed in the 
United States are Nesacaine and Nes- 
acaine-CE, which have a long estab- 
lished history of use with Food and 
Drug Administration (FDA) approval. 

The long history of 2-chloropro- 
caine in this country under the close 
regulation of the FDA is presented by 
Moore et al (1) in a fragmentary man- 
ner which can only confuse the 
reader, rather than present informa- 
tion useful to the discerning anesthe- 
siologist. The Physician’s Desk Ref- 
erence (PDR) is referred to by Moore 
et al as though it were an all-inclusive 
source of information on drugs, their 
formulations, formulation changes, 
and composition. Those familiar with 
the PDR over more than a decade of 
use will know that the PDR was orig- 
inally a vehicle for disseminating in- 
formation and marketing of drugs, 
although, in more recent times, it has 
become a compilation of package in- 
serts to be used as a ready reference 
for physicians. However, even cur- 
rently, not all drugs are included in 
the PDR, and of those included, not 
all dosage forms or formulations may 
be included. To use the PDR from 
1957 to the present as an all-inclusive 
source of information on formula- 
tions of drugs, including 2-chloropro- 
caine, can only result in superficial 
knowledge and lead to erroneous 
conclusions or speculations. Two au- 
thoritative sources of information re- 
garding formulations of ethical drugs, 
such as Nesacaine, are the FDA and 
the company marketing the drug. To 
seek information from sources other 
than authoritative ones can only re- 
sult in imperfect information. In the 
case of Nesacaine and Nesacaine-CE, 
the quantitative aspects of formula- 
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tions have always appeared in the 
products’ labeling and served as a 
ready source of information for those 
who choose to use them. 

The reality of formulation changes 
in 2-chloroprocaine preparations 
marketed in the United States can be 
easily summarized. In 1955, the prod- 
uct was sold as a sterile powder under 
the brand name of Halestyn, to be 
reconstituted with sterile diluent be- 
fore use. In 1956, three solutions of 2- 
chloroprocaine were marketed under 
the brand name of Nesacaine. The 
composition of the three solutions is 
shown in the Table. The 2-chloropro- 
caine is, of course, the active drug, the 
sodium bisulfite is an antioxidant, the 
methylparaben is a preservative, and 
the NaC] is added in sufficient quan- 
tity to establish isotonicity with phys- 
iologic systems. Note that only the 3% 
solution was originally available for 
caudal or epidural use, as it did not 
contain preservative. In 1959, a 2% 
solution was made available without 
the methylparaben for use in caudal 
anesthesia. The only significant 
changes that occurred during the pe- 
riod from 1959 to the present were 
the addition of solutions containing 
epinephrine, which were later discon- 
tinued due to insufficient demand by 
physicians to warrant continued mar- 
keting of the product. Several minor 
changes in packaging, i.e., size of sin- 
gle-dose containers (100-ml vials to 
30- or 50-ml vials) and changes from 
vials to ampules, etc, occurred over 
the years to accommodate use in the 
clinic. In 1964, the 2% and 3% solu- 
tions, not containing methylparaben, 
were labeled as “Nesacaine-CE” (CE 
refers to caudal-epidural) to aid in 
distinguishing them from Nesacaine 
containing the preservative, not in- 
tended for epidural use. The concen- 
tration of the sodium bisulfite (0.2%) 
has remained constant from 1956 to 
the present, and, although the pH of 
the final solutions is not printed on 


TABLE 


Composition of Three Solutions of 
2-Chloroprocaine Marketed in 1956 
as Nesacaine 


CEEA Sodium Methylpar- 
procaine suite aben MaC 
HCI 
19% 0.2% 0.1% 0.6% 
2% 0.2% 0.1% 0.4% 
3% 0.2% — 0.2% 
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the label, it should be evident that the 
pH would be in a constant range (2.7 
to 4.0) since 1956, and has been, as 
the final concentration of sodium bi- 
sulfite is the major determinant of pH 
of the solution. Similarly, the level of 
methylparaben (0.1%) has remained 
constant since 1956 in those solutions 
containing the preservative. 

Moore et al (1) questioned the in- 
struction “not to be used for caudal 
or epidural block,” contained in the 
PDR, for the 1% and 2% Nesacaine 
solutions from 1963 through 1970 and 
stated “The reasons for such limita- 
tions have yet to be revealed.” The 
answer should be obvious; they con- 
tained preservative. Only the 2% and 
3% solutions without preservative are, 
and were, recommended for such use. 

The two papers cited by Moore et 
al (3, 4), reporting a high incidence of 
thrombophlebitis in 1956, were the 
result of use of methylparaben-con- 
taining solutions by the intravenous 
route. Since that time, extensive use 
(T.A.R. Palas, H. R. Gerber, M. 
Schnapp, et al, unpublished observa- 
tions, 1980) of 2-chloroprocaine so- 
lutions without. preservative by this 
route has been reported without ad- 
verse effects. Most individuals would 
agree that the presence of the pre- 
servative may have contributed to the 
early cases of thrombophlebitis, 
rather than concluding: “The etiology 
of these was never determined.” 

Often the time between publica- 
tions by a single author allows for 
reasonable changes in opinions due 
to assimilation of additional scientific 
information. The paper by Moore et 
al (1) contains no span of time, within 
itself, but yet presents the contradic- 
tory views that: “Animal investigation 
supports that the likelihood of neu- 
ropathy resulting from the subarach- 
noid injection of epinephrine is infin- 
itesimal” in one paragraph, and, in 
another paragraph, “Therefore, until 
the etiology of neuropathy associated 
with its [2-chloroprocaine] use in hu- 
mans is specifically identified (animal 
data, because of species differences, 
cannot be extrapolated to humans), 
and,...” Indeed, the principal author 
of the paper (D.M.) has elsewhere 
cited evidence (5) from animal studies 
to support his views of neurotoxicity 
of 2-chloroprocaine in humans. This 
obvious lack of consistency in consid- 
eration of experimental animal stud- 
ies, rather than presenting all scien- 
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tific information objectively to the 
anesthesiology community, can only 
lead to misunderstanding and non- 
objective consideration of available 
information. 

The authors of any scientific pub- 
lication of adverse reactions to drugs 
have an obligation to the profession 
they are addressing to at least attempt 
to place the observations reported in 
their appropriate context of clinical 
practice. The paper by Moore et al (1) 
attempts to leave the reader with the 
impression that serious adverse reac- 
tions have occurred only with 2-chlo- 
roprocaine, while references are 
clearly available in the literature, in- 
cluding those cited by Moore et al, 
reporting qualitatively similar adverse 
clinical experiences with all agents in 
this pharmacologic class. This biased 
presentation by Moore et al is clearly 
in contrast to the candid and wide- 
spread disclosure of all pertinent in- 
formation on adverse reactions and 
research findings available to Penn- 
walt, in print, and at scientific meet- 
ings, including conferences and a 
symposium (6) sponsored by Penn- 
walt, to place before the anesthesiol- 
ogist the relevant information neces- 
sary for the individual physician to 
reach his or her own knowledgeable 
conclusion. Pennwait will continue to 
objectively inform the anesthesiology 
community of such information. 

In summary, the paper by Moore 
et al (1) does not present substantive 
new information useful to the respon- 
sible anesthesiologist in making de- 
cisions as to the best treatment for his 
or her patient. The use of all drugs is 
associated with both benefit and risk 
to the patient. Publications that con- 
tribute to a further understanding of 
the merits and risks of drugs in their 
proper context are to be encouraged, 
whereas publication of fragmentary 
information and old data described as 
new, can only lead to misinterpreta- 
tion and confusion. 

Stephen J. Riggi, PhD 
Pennwalt Corporation 
Pharmaceutical Division 
755 Jefferson Road 
Rochester, NY 14623 
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To the Editor: 


The letter of Stephen Riggi, is ap- 
preciated and enlightening as was a 
previous letter and an article from the 
Pennwalt Corporation (1, 2). 

Also, an apology is extended for 
not recognizing that our cases 2, 3, 
and 5 had been presented previously 
in the “Nesacaine Update” as cases 3, 
11, and 13 (3). In that publication, 
these cases were listed under 
“duration” of the neuropathy as “?,” 
6 to 10 weeks, and 1 month, respec- 
tively. Therefore, we interpreted this 
to mean the complications were tran- 
sient. Inasmuch as the neuropathy in 
our patients has existed 6, 3, and 1% 
years, respectively, and is evidently 
permanent, we did not consider the 
cases to be the same as any in the 
“Pennwalt Update.” 

Furthermore, as the statements in 
the Physician’s Desk Reference, as 
well as in the package inserts that 
accompany drugs, are presumably 
written by the pharmaceutical com- 
panies, it is surprising to read Riggi’s 
statement that they present 
“superficial knowledge and lead to 
erroneous conclusions or specula- 
tions.” Does this imply that the state- 
ment, “Solutions of Nesacaine and 
Nesacaine-CE do not injure nervous 
tissue and are not irritating to other 
tissues in the concentration recom- 
mended,” which has appeared in that 
publication from 1971 through 1982, 
is erroneous (4, 5)? 

Also, it was surprising to find that 
he considers our cases to be presented 
in a “fragmentary manner” (4). It was 
thought that they included the signif- 
icant facts, in comparison to those 
presented by Pennwalt regarding not 
only chloroprocaine but other local 
anesthetic drugs (1, 3). In the 
“Nesacaine Update,” question marks 
appeared where our cases revealed. 
the facts (3, 4). Furthermore, all the 
cases presented by us and other anes- 
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thesiologists have occurred since 1976 
(4, 6, 7). Itis doubtful that the regional 
block trays and the drugs prepared 
by reputable pharmaceutical compa- 
nies used in the cases reported after 
1976 (4, 6, 7) could have contained 
tissue irritants (detergents, methyl- 
paraben, and so forth), as could those 
used in cases of neuropathy that re- 
sulted before that date (1). However, 
although Riggi is correct in stating 
that methylparaben in high concen- 
trations has been shown to be a neu- 
rolytic drug in animals (8, 9) and 
therefore has been removed from 2% 
and 3% chloroprocaine solutions for 
caudal and epidural block (Nesa- 
caine-CE), he evidently considers the 
2 mg/ml of sodium bisulfite that 
these solutions contain to be innocu- 
ous. This drug was shown to be a 
tissue irritant in 1937 (10), and in 1982 
the subarachnoid injection in rabbits 
of 0.4 to 0.6 ml of 0.2% sodium bisul- 
fite (the same concentration as in the 
chloroprocaine solution) produced 
motor and sensory impairment (11). 
Also, solutions of chloroprocaine that 
contained sodium bisulfite (3% Nes- 
acaine-CE) produced hindlimb paral- 
ysis in dogs when injected subarach- 
noidally (12). Conversely, in sheep it 
did not (13). If, in the dogs, the bisul- 
fite was not responsible for the paral- 
ysis, then it either had to be the chlo- 
roprocaine or a combination of it and 
the bisulfite. 

Finally, Riggi questions the for- 
mulation of chloroprocaine used in 
the case from The Netherlands. It was 
Pennwalt’s 3% Nesacaine-CE. 

In conclusion, we again wish to 
thank Riggi, for his letter. He and 
other employees (1-3) of the Penn- 
walt Corporation have indeed shed 
light on the chloroprocaine neurop- 
athy controversy. It should be noted 
that the necessity for timeliness in 
this response precluded obtaining the 
reactions of the other authors of our 
article (4) to Riggi’s letter. 


Daniel C. Moore, MD 
Department of Anesthesiology 
The Mason Clinic 

Seattle, WA 98111 
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Errant Guide Wire: 
The Problem 


To the Editor: 


The recent report by Parker and 
DeVore (1) of difficulty with guide 
wire insertion during internal jugular 
(J) cannulation, proposes potentially 
dangerous conclusions. They report 
an apparently uncomplicated IJ veni- 
puncture, in which they were unable 
to advance a flexible guide wire via 
this relatively straight venous path. 
Cope (2) offered the most logical ex- 
planation for this problem: a veni- 
puncture that appears correct but in 
fact is not. Our first response to the 
report of Parker and DeVore is to 
rephrase their initial point: 


A smoothly placed IJ vein guide wire 
should easily advance down the superior 
vena cava. When it does not, it should be 
assumed that the needle for venipuncture 
or the guide wire has taken an errant 
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course. Persistence with the cannulation 
attempt under those circumstances is un- 
advisable. 


Of even more concern is the au- 
thors’ relative disregard for the fragil- 
ity of guide wires (3). Excessive ma- 
nipulation of guide wires has resulted 
in wire fragmentation and elaborate 
retrieval procedures that deal with 
wire embolization have been de- 
scribed (4). The safety guide wire (5) 
has gained widespread use as a result 
of the wire fragmentation problem 
and the inherent difficulties in the 
manufacture of wires (6). We would 
also rephrase the authors’ second 
point: 


Guide wires are delicate devices and will 
not accept abuse under any circumstances. 


Alan Jay Schwartz, MD* 
Norig Ellison, MD 

David R. Jobes, MD 
Department of Anesthesia 
University of Pennsylvania 
Philadelphia, PA 19104 
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To the Editor: 


The concern expressed by 
Schwartz, Ellison, and Jobes for safe 
central cannulation techniques is ap- 
preciated. In their reply to our report 
they state we “were unable to advance 
a flexible guide wire via this relatively 
straight venous path.” A review of 
our letter, however, reveals no such 
statement (1). The problem we en- 
countered was the inability to pass an 
introducer over a guide wire defi- 
nitely placed in the internal jugular 
vein (IJV). We feel confident the 
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guide wire was correctly placed be- 
cause (a) immediately preceding 
guide wire insertion, aspiration of the 
fully advanced unstyleted catheter 
was remarkable for free flow of ve- 
nous blood and (b) insertion of the 
wire through this catheter was accom- 
panied by the minima] amount of re- 
sistance usually associated with this 
procedure. 

The problem these authors fail to 
address, which was the major point 
of our report, is that even smooth 
advancement of a guide wire in a 
caudad direction in a properly can- 
nulated IJV does not guarantee a cen- 
tral intravenous course. If resistance 
is encountered advancing the intro- 
ducer after successful guide wire 
placement, consideration should be 
given to the wire following an aber- 
rant intravascular (e.g., cephalad) or 
even extravascular pathway (1). We 
would, therefore, add to the authors’ 
first response that even after smooth 
guide wire placement, resistance to 
catheter advancement may also make 
further cannulation attempts inadvis- 
able. Furthermore, if the decision is 
made to attempt to develop a fascial 
plane inhibiting advancement of an 
introducer over a correctly placed 
guide wire, it should be done gently 
and with caution. 


Edson O. Parker, MD 

Robert DeVore, MD 

Division of Anesthesiology 
Letterman Army Medical Center 
San Francisco, CA 94129 
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Inappropriateness of 
Statistical Methods 
Used in Evaluating 
Postanesthetic 
Hepatic Injury 
To the Editor: 

The recent article by Harper et al 
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(1) contains statistical inadequacies 
and statements that should be noted. 
First, postanesthetic hepatic injury 
was graded from 0 to 5 and thus is an 
ordinal scale variable. One-way anal- 
ysis of variance and regression anal- 
ysis were reported as the methods 
used to analyze these data. These sta- 
tistical methods assume interval or 
ratio scale data. Hence, the conclu- 
sions drawn by the authors in this 
study should be viewed with caution. 
It is also inappropriate to report 
means and standard errors when 
summarizing ordinal scaled data. 
More appropriate statistical methods 
for analyzing and summarizing ordi- 
nal scale data should have been used 
(2). 

A better experimental protocol 
would have required equal allocation 
of animals to all groups. This would 
have resulted in equal precision and 
would have allowed more powerful 
statistical comparisons between ex- 
perimental groups. 

In addition, two typographical 
errors were noted. In table 2, “n = 1” 
should read “n = 11,” and, on page 
80, the lower abdominal surgery 
group (group VI) is mislabeled as 
group VII. 

Finally, contradictory statements 
were made in the article. In one place, 
the text states that “Injury after lower 
abdominal surgery (group VI) was not 
significantly different from that after 
ligation of the hepatic artery (group 
If} or upper abdominal operation 
(group V),” whereas in another place 
it is stated that “Ligation of the he- 
patic artery (group II) resulted in sig- 
nificant hepatic injury when the an- 
esthetic agent was halothane (table 
1)” 


Charles Ingram, MD 
Department of Anesthesiology 


Evan Frederickson, MD 
Department of Anesthesiology 


Michael H. Kutner, PhD 
Department of Biometry 
Emory University 
Atlanta, GA 30322 
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To the Editor: 


Although the criticism of the statis- 
tical methods used is valid, a second 
analysis of the data using the Kol- 
mogorov-Smirnov test (1) did not al- 
ter the appearance of significant dif- 
ferences among groups ( p < 0.001). 
That is, our conclusions remain those 
stated in the original paper. 

Also, we do not believe the state- 
ments concerning hepatic artery liga- 
tion or abdominal surgery are contra- 
dictory. Lower abdominal surgery, 
upper abdominal surgery, and hepatic 
artery ligation produced hepatic in- 
jury when halothane was the anes- 
thetic used. No difference in the ex- 
tent of injury induced by the different 
operations could be demonstrated, 
However, ligation of the hepatic ar- 
tery did not produce significant he- 
patic injury when the anesthetic agent 
was enflurane, isoflurane, or thiamy- 
lal. We still would conclude that 
“Ligation of the hepatic artery (group 
II) resulted in significant hepatic in- 
jury when the anesthetic agent was 
halothane.” 


Marilyn H. Harper, MD 

Department of Anesthesia (129) 

University of California 

Veterans Administration 
Medical Center 

San Francisco, CA 9412] 
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Recovery Room Care, ed- 
ited by J. S. Israel and T. 
J. DeKornfeld, Springfield, 
IL, Charles C Thomas, 
Publisher, 1982, 334 pp, 
$37.50. 


Drs. Israel and DeKornfeld have 
put together an excellent book that 
should be read by health profession- 
als in anesthesiology, intensive care, 
surgery, and nursing. 

Its 334 pages comprise 13 chapters 
written by 20 expert contributors, 
through which the reader is easily 
guided from the design of the recov- 
ery room (recommended for archi- 
tects), equipment and safety, and 
management and staffing to the clin- 
ical aspects such as criteria for patient 
care, emergency diagnosis, ventila- 
tory and circulatory disorders, and 
fluid replacement. 

Chapters 10 to 12 deal with the 
postoperative management of the car- 
diac patient, special pediatric prob- 
lems, and neurosurgical aspects of re- 
covery roor. care, respectively. These 
three chapters bring to light the 
unique problems of patients within 
these categories; some institutions 
have recognized the special care re- 
quired by these patients and have 
established separate units for their 
postoperative care. This book will 
hopefully encourage the creation of 
more of these units. 

Although it is difficult to single out 
any portion of this book, ‘‘Postoper- 
ative Management of the Cardiac Pa- 
tient,” by Peter B. Kane, deserves spe- 
cial mention. With the continuous in- 
crease in open heart surgery, the post- 
operative care recommended in this 
chapter will help eliminate unneces- 
sary morbidity and mortality. 


DOOK 


REVIEWS 


Maybe a short chapter 14 could 
have been added to discuss the pres- 
ently available computerized patient 
care systems, including those that of- 
fer a “close loop” for infusion of 
fluids and blood. Probably, such a 
chapter does not belong in a book 
dealing strictly with recovery room 
care, but this book exceeds the limits 
imposed by its title. 

Finally, a good review of “Legal 
Considerations” will help prevent un- 
necessary anxiety and aggravation if 
some of the simple rules outlined in 
this chapter are followed. 

In summary, this is a book that is 
well written, well edited, easy to read, 
and one that belongs in many librar- 
ies. 

Herbert Ferrari, MD 
Professor of Anesthesiology 
University of Missouri 
Columbia, MO 


Pathophysiology of 
Shock, Anoxia, and lIs- 
chemia, edited by R. A. 
Cowley and B. E. Trump, 
Baltimore, The Williams & 
Wilkins Co., 1982, 710 pp, 
$75.00. 


This large multiauthored tome is a 
collaborative editorial effort between 
a cardiac surgeon and a cellular pa- 
thologist. It succeeds in presenting a 
comprehensive picture of the patho- 
physiology and treatment of shock, 
ischemia, and anoxia. The book is 
divided into four sections and eight 
parts. The sections cover basic path- 
ophysiology, shock, central nervous 
system injury, and vascular insuffi- 
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ciency. Each of the eight parts has a 
summary that explains the relevance 
of the material and places it into clin- 
ical perspective. 

The authors begin with the hy- 
pothesis that shock and related con- 
ditions are primarily states of energy 
depletion and invoke secondary ion 
shifts to explain the concept of gen- 
era] cellular injury. They characterize 
both reversible and irreversible cel- 
lular injury at the ultrastructural level 
and conclude that the mitochondrion 
is the site of alterations that render 
the cell irreversible. There is an ex- 
cellent review of some of the newly 
discovered vascular mediators includ- 
ing the prostacycline-thromboxane 
system and the lysosomal hydrolases 
and their ultimate effects on cellular 
function. These effects are related to 
the pathology and pathophysiology of 
the major organ systems including the 
liver, lung, kidney, and gastrointes- 
tinal tract. This altered physiology is 
related to the clinical setting by an 
excellent section on the current ther- 
apy of shock. Included are chapters 
on cardiac arrest, trauma, the use of 
corticosteroids, infection, and trans- 
fusion. 

The stated aim of this text is to 
overcome the distance, both practical! 
and philosophical, between the basic 
scientist and the clinician. To meld 
these two disparate worlds, this book 
freely crosses the borders between 
laboratory investigation and bedside 
care. It takes what is new and original 
from a research standpoint and ap- 
plies it to the farniliar clinical picture 
of shock in a way that lends a new 
appreciation of clinical pathophysiol- 
ogy. For too long there has existed a 
gap, both in language and practice, 
between researchers and clinicians in- 
terested in shock. This long-awaited 
text presents a comprehensive picture 
of the major problems in shock, is- 
chemia, and anoxia from which to 
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build a rational background for work 
in this area. 


David Rose, MD 

Assistant Professor of 
Anesthesiology 

Veterans Administration 
Medical Center 

Long Beach, CA 


Cardiac Anesthesia, ed- 
ited by T. J. Conahan Ill, 
Reading, MA, Addison- 
Wesley Publishing Co., 
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ANESTHESIA AND ANALGESIA 


BOOK REVIEWS 


Inc., 1982, 
$29.95. 


This book consists of 15 chapters, 
almost all of which were written by 
members of the faculty at the Univer- 
sity of Arizona. 

The quality of the chapters varies 
widely, as is often the case with mul- 
tiauthored texts. I found the chapters, 
“Natural History and Clinical Diag- 
nosis of Acquired Valvular Heart Dis- 
ease” and “Cardiac Catheterization,” 
particularly well done and readable. 
Unfortunately, the chapters dealing 
with anesthetic considerations for 
both valvular and coronary artery dis- 
ease were, at best, disappointing. The 
chapter, “Special Considerations for 


340 pp, 


Coronary Artery Disase” is 12 pages, 
one of which is devoted to pointing 
out the importance of the hemoglobin 
molecule in oxygen transport. 

According to the preface, this book 
was intended as a basic text for the 
resident and practitioner. I am afraid 
the title is misleading and the book 
misses the mark. It would be an ex- 
cellent basic text for a medical student 
interested in cardiac surgery, but is 
both too simple and incomplete for a 
resident interested in the complex 
field of cardiac anesthesia. 


Daniel Philbin, MD 

Associate Professor of 
Anesthesiology 

Massachusetts Genera! Hospital 

Boston, MA 
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A Guide for Authors 


Manuscripts should be sent to: 
Nicholas M. Greene, M.D. 
Editor in Chief 
Anesthesia and Analgesia 
Yale University School of Medicine 
333 Cedar Street 
New Haven, Connecticut 06510 


Editorial Policies 


Manuscripts are accepted for consideration with tne understand- 
ing that, except in review articles, the material they present has not 
been previously published and is not presently under consideration 
for publication elsewhere. Authors will be asked to transfer copy- 
right of articles accepted for publication to the International An- 
esthesia Research Society. 


Types of Materials. The Journal publishes original articles, clin- 
ical reports, review articles, and letters to the editor. Original 
articles describe in 3000 words or less clinical or laboratory inves- 
tigations. Clinical reports describe in 1000 words or less either (a) 
new and instructive case reports, or (b) anesthetic techniques or 
equipment of demonstrable originality, usefulness, and safety. 
Review articles of 2500 to 4000 words collate, describe, and evaluate 
previously published material for the establishment of new con- 
cepts. Letters to the editor, less than 300 words in length, include 
brief constructive comments concerning previously published ar- 
ticles or brief notations of general interest. Preliminary or incom- 
plete reports are not accepted, nor are manuscripts containing 
fragments of material better incorporated into a single paper. 


Peer Review. All papers are reviewed by three or more referees. 
Acceptance is based upon significance, originality, and validity of 
the material presented. Only one copy of articles not accepted for 
publication will be returned to authors. 


Legal and Ethical Considerations. Information or illustrations 
must not permit identification of patients. Reports describing data 
obtained from experiments performed in humans must contain a 
statement in the Methods that institutional approval of the inves- 
tigation and informed consent were obtained. Reports describing 
data obtained from experiments performed in animals must clearly 
indicate that humane standards equal to those described by the 
American Physiological Society were employed. 

Illustrations and other materials taken from other sources must 
be properly credited and assurance provided that permission for 
reproduction has been obtained from the copyright owner and 
author. 


Editing. All papers will be edited for clarity, style, factual accu- 
racy, internal logic, and grammar. Papers extensively copy edited 
will be returned to the author(s) for retyping. Editing will include 
the addition, following the Abstract, of key words for indexing 
purposes. 


Manuscripts 


Manuscripts must be prepared and submitted in the manner 
described in “Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals” as described in Annals of Internal Medicine 
1979; 90: 95-9, and Lancet 1979; 1: 428-30. 

Type manuscripts on white bond paper, 20.3 by 26.7 cm or 21.6 
by 27.9 cm (8 by 104 in or 84 by 11 in} or ISO A4 (212 by 297 mm) 
with margins of at least 2.5 cm (1 in). Use double spacing through- 


out, including title page, abstract, text, acknowledgments, refer- 
ences, tables, and legends for illustrations. 

Begin each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, tables 
(each table, complete with title and footnotes, on a separate page), 
and legends. Number pages consecutively, beginning with the title 
page. Type the page number in the upper right-hand corner of each 
page. 

Illustrations must be good quality, unmounted glossy prints, 
usually 12.7 by 17.3 cm (5 by 7 in), but no larger than 20.3 by 25.4 
cm (8 by 10 in). 

Submit three copies of manuscript and figures in heavy-paper 
envelope. Submitted manuscript should ke accompanied by cov- 
ering letter which includes the name and mailing address of the 
author to whom correspondence should be addressed. 

Authors should keep copies of everything submitted. 

Title Page. The title page should contain [1] the title of the 
article, which should be concise but informative; [2] a short running 
head or footline of no more than 40 characters (count letters and 
spaces) placed at the foot of the title page and identified; [3] first 
name, middle initial, and last name of each author, with highest 
academic degree(s); [4' name of departmer.t(s) and institution(s) to 
which the work should be attributed; [5] disclaimers, if any; [6] 
name and address of author responsible far correspondence about 
the manuscript; [7] name and address of author to whom requests 
for reprints should be addressed, or statement that reprints will not 
be available from the author; [8] the source(s) of support in the 
form of grants, equipment, drugs, or al! of these. 

Abstract and Key Words. The second page should carry an 
abstract of not more than 150 words. The abstract should state the 
purposes of the study or investigation, basic procedures (study 
subjects or experimental animals. and observational and analytic 
methods), main findings (give specific data and their statistical 
significance, if possible), and the principal conclusions. Emphasize 
new and important aspects of the study or observations. Define all 
abbreviations except tnaose approved by the International System 
of Units. 

Key (indexing) terms. Below the abstract, provide and identify as 
such, three to 10 key words or short phrases that will assist indexers 
in cross-indexing your article. 

Text. The text of observational and experimental articles is 
usually—but not necessarily~-divided into sections with the head- 
ings Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their content, 
especially the Results and Discussion sections. Case reports and 
reviews do not require the above sections. 

Introduction. Clearly state the purpose of the article. Summarize 
the rationale for the study or observation. Give only strictly perti- 
nent references, and do not review the subject extensively. 

Methods. Describe vour selection of the observational or exper- 
imental subjects (patients or experimental animals, including con- 
trols) clearly. Identify the methods, apparatus (manufacturer’s 
name and address in parentheses), and procedures in sufficient 
detail to allow other workers to reproduce the results. Give refer- 
ences to established methods, including statistical methods; provide 
references and brief descriptions of methods that have been pub- 
lished but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate their 
limitations. 

Include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical analyses, 
mathematical derivations, and the like may sometimes be suitably 
presented in the form of one or more appendixes. 


Results. Present your results in logical sequence in the text, 
tables, and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations: emphasize or summarize only important 
observations. 

Discussion. Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate the 
observations to other relevant studies. Link the conclusions with 
the goals of the study but avoid unqualified statements and conclu- 
sions not completely supported by your data. Avoid claiming 
priority and alluding to work that has not been completed. State 
new hypotheses when warranted, but clearly label them as such. 
Recommendations, when appropriate, may be included. 


References, Number references consecutively in the order in 
which they are first mentioned in the text. Identify references in 
text, tables, and legends by arabic numerals (in parentheses). 
References cited only in tables or in legends to figures should be 
numbered in accordance with a sequence established by the first 
identification in the text of the particular table or illustration. 

Use the form of references adopted by the U.S. National Library 
of Medicine and used in Index Medicus. Use the style of the 
examples cited at the end of this section, which have been approved 
by the National Library of Medicine. 

The titles of journals should be abbreviated according to the 
style used in Index Medicus. Consult the “List of Journals Indexed,” 
printed annually in the January issue of Index Medicus. 

The only acceptable references to journal articles or abstracts are 
those appearing in peer-reviewed journals. Abstracts in peer-re- 
viewed journals are acceptable only if less than 4 years old. List 
articles accepted for publication but not yet in print as “in press,” 
Three copies of “in press” references must accompany each article 
submitted for editorial review. Articles submitted but not yet 
accepted for publication must be cited in the text as “unpublished 
data” (in parentheses). 

References must be verified by the author(s) against the original 
documents. 

Examples of correct forms: 


Journal 


1. Standard Journal! Article (List all authors when six or less; when seven or 
more, list only first three and add et al) 
Soter NA, Wasserman SI, Austen KF. Cold urticaria: release into the 
circulation of histamine and eosinophil chemotactic factor of anaphy- 
laxis during cold challenge. N Engl ] Med 1976;294:687-90, 


2. Corporate Author 


The Committee on Enzymes of the Scandinavian Society for Clinical 
Chemistry and Clinical Physiology. Recommended method for the 
determination of gamma-glutamyltransferase in blood. Scand J Clin Lab 
Invest 1976;36:119-25. 


Anonymous, Epidemiology for primary health care. Int ] Epidemiol 
1976;5:224~S. 


Books and Other Monographs 


3. Personal Author(s) 
Osler AG. Complement: mechanisms and functions. Englewood Cliffs: 
Prentice-Ha_l, 1976. 


4. Corporate Author 


American Medical Association Department of Drugs. AMA drug eval- 
uations. 3rd ed. Littleton: Publishing Sciences Group, 1977. 


5. Editor, Compier, Chairman as Author 
Rhodes AJ, Van Rooyen CE, comps. Textbook of virology: for students 
and practitioners of medicine and the other health sciences. 5th ed. 
Baltimore: Williams & Wilkins, 1968. 


6. Chapter in Book 
Weinstein L, Swartz MN. Pathogenic properties of invading microor- 
ganisms. In; Sodeman WA Jr, Sodeman WA, eds. Pathologic physiol- 
ogy: mechanisms of disease. Philadelphia: WB Saunders, 1974:457~72. 


7. Agency Publication 


National Center for Health Statistics. Acute conditions: incidence and 
associated disability, United States July 1968-June 1969. Rockville, Md.: 
National Center for Health Statistics, 1972. (Vital and health statistics. 
Series 10: Data from the National Health Survey, no. 69) (DHEW 
publication no. (HSM}72- 1036). 


Tables. Type each table on a separate sheet; remember to double 
space. Do not submit tables as photographs. Number tables con- 
secutively and supply a brief title for each. Give each column a 
short or abbreviated heading. Place explanatory matter in footnotes, 
not in the heading. Explain in footnotes all nonstandard abbrevia- 
tions that are used in each table. For footnotes, use the following 
symbols in this sequence: *, tT, £ § l T #, **, Tt... . Identify 
statistical measures of variation such as SD and SEM. 

Omit internal horizontal and vertical rules. 

Cite each table in the text in consecutive order. 

If you use data from another published or unpublished source, 
obtain permission and acknowledge fully. 

The editor on accepting a manuscript may recommend that 
additional tables containing important backup data too extensive 
to be published may be deposited with the National Auxiliary 
Publications Service or made available by the author(s). In that 
event, an appropriate statement will be added to the text. Submit 
such tables for consideration with the manuscript. 


Illustrations. Submit three complete sets of figures. Figures 
should be professionally drawn and photographed; freehand or 
typewritten lettering is unacceptable. Instead of original drawings, 
roentgenograms, and other material, send sharp, glossy black-and- 
white photographic prints, usually 12.7 by 17.3 cm (5 by 7 in) but 
no larger than 20.3 by 25.4 cm (8 by 10 in). Letters, numbers, and 
symbols should be clear and even throughout, and of sufficient size 
that when reduced for publication each item will still be legible. 
Titles and detailed explanations belong in the legends for illustra- 
tions, not on the illustrations themselves. 

Each figure should have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of the 
figure. Do not write on the back of the figures or mount them on 
cardboard, or scratch or mar them using paper clips. Do not bend 
figures. 

Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with background. 

If photographs of persons are used, either the subjects must not 
be identifiable or their pictures must be accompanied by written 
permission to use the photograph. 

Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source and submit writ- 
ten permission from the copyright holder to reproduce the material. 
Permission is required, regardless of authorship or publisher, ex- 
cept for documents in the public domain. 

For illustrations in color, supply color negatives or positive 
transparencies and, when necessary, accompanying drawings 
marked to indicate the region to be reproduced; in addition, send 
two positive color prints to assist editors in making recommenda- 
tions. Some journals publish illustrations in color only if the au- 


thor pays for the extra cost. 


Legends for Illustrations. Type legends for illustrations double 
spaced, starting on a separate page with arabic numerals corre- 
sponding to the illustrations. When symbols, arrows, numbers, or 
letters are used to identify parts of the illustrations, identify and 
explain each one clearly in the legend. Explain internal scale and 
identify method of staining in photomicrographs. 


Abbreviations, Define all abbreviations except those approved 
by the International System of Units for amount of substance, 
mass, length, time, temperature, electric current, and luminous 
intensity. Do not synthesize new or unusual abbreviations. When 
many abbreviations are used, include all in a box of definitions at 
the start of the article. 
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A A.N.S.1. Z79 13.1.14 
SE ONLY Se lie a 
a rLuUoTHAne o I Re: Variance of 
"(HAL THANE} delivered concentra- 
tion as affected by 
temperature. 


introduced in 1958, the Tec 
vaporizer is the original 
temperature compensated, 
agent-specific vaporizer. 
Tec vaporizers were 
designed to ensure that 
the output concentration 
of anesthetic agent is not 
affected by temperature 
variation, flow rate, liquid 
level, or back pressure 
fluctuation. Four models: the Fluotec* Mk HI, the Pentec* 
Mk li, the Enfluratec® and the Fortec? meet all of the 
requirements of inhalation anesthesia. 








A.N.S.1. Z79 4.1.5 Re: Manufacturer 
recommendations for periodic service. 


Fraser Harlake has provided regular preventive mainte- 
nance and service for Tec vaporizers since 1961, offering 
hospitals an efficient way to maintain vaporizer perfor- 
mance. Annual preventive maintenance, cleaning, 
calibration verification, and testing provide assurance 
that each vaporizer is working properly. Fraser Harlake 
permanently maintains a legally useful continuous 
service record. In addition, the Tec-Care™ program offers 
hospitals price protection on vaporizer service. 
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A.N.S.1. Z79 13.1.11 
Re: Safeguards in 
vaporizer filling 
systems. 


Fraser Harlake's widely 
acknowledged, unique 
keyed filler system was 
first marketed in 1968. 
This extra safety measure 
ensures that each vaporizer 
is filled only with the drug for which it was originally 
designed and calibrated. 





A.N.S.1. Z79 13.1.4 Re: Mounting systems 
to prevent drug cross-contamination. 


Fraser Harlake’s safety innovations continued in 1977 with 
the development of the Selectatec™ IlI mounting system. 
Selectatec mounting minimizes cross-contamination of 
anesthetic drugs and provides an easier method of 
removing vaporizers for servicing. 





For standard Mark IH backbar mounted vaporizers, Fraser 
Harlake offers the new Tecloc™ interlock safety system. 


More than 20 years of reliable clinical experience have made 
the Fraser Harlake Tec vaporizer the industry standard. 


Fraser Harlake. 145 Mid County Drive, Orchard Park. New York 14127 (716) 662-6650 TELEX: 91-530 
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_W = over r125 million administrations! in nihe 
United States alone. 


X Somewhere i in the world—every two seconds— someone makes another decision 
o e F LUOTHANE® (halothane, U.S.P). And for good reasons: - 


o FLUOTHANE has been more widely investigated than anyother 
inhalation anesthetic. 





o The FLUOTHANE experience shows association with neviatotasicl ty 
to be extremely rare’ According to conclusions drawn from the a -o 
United States National Halothane Study and other studies,” unex- ae 3 
plained jaundice following anesthesia with halothane "...was a rare | oe 
occurrence (approximately 1:30,000 administrations) and. thec over- - — 
all safety record of the anesthetic was excellent. a ee 





oO FLUOTHANE "...is nearest to the ideal [inhalation anesthetic] p pres- — 
ently available for children of all ages. Ae 










: 5 ELUOTHANE has been recommende 
A for asthmatics. 













ae ial secretions. 


hensi ve retrospective analysis covering 856,000 general anesthesias- -neony cone! fred. 
JOTHANE. Bunker, LP, et al. The National Halothane Study. Washington, | Dy: 
ent Printing Qifice, 1969. 











‘al The Netiona! Halothane Study 
GG Government Printing Office, 
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jinia Society of Anesthesiologists. 
Richmond, VA. 


the most widely used inhalation 


anesthetic in the world 


(halothane, USP) 









for a wide variety of 
techniques and procedures in patients of all ages 


(Complete text of package circular) 
Description. FLUOTHANE, brand of halothane, 
U.S.P., is an inhalation anesthetic. It is 2- 
bromo-2-chioro-1, 1, 1-triflucroethane and has 
the following Structural formula: 








F Br 
Ni 
F C —— C Ci 
Z 
F H 


The specific gravity is 1.872-1.877 at 20°C, 
and the boiling point (range) is 49°C — 51°C at 
760 mm Hg. The vapor pressure is 243 mm Hg 
at 20°C. The blood/gas coefficient is 2.5 at 
37°C, and the clive oil/water coefficient is 220 
at 37°C. Vapor concentrations within anesthetic 
range are nonirritating and have a pleasant 
odor. FLUOTHANE is nonflammable, and its 
vapors mixed with oxygen in proportions from 
0.5 to 50 per cent (v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When moisture 
IS present, the vapor attacks aluminum, 
brass, and lead, but nct copper. Rubber, some 
plastics, and similar materials are soluble in 
FLUOTHANE; such materials will deteriorate 
rapidly in contact with -LUOTHANE vapor or 
liquid. Stability of FLUOTHANE is maintained 
by the addition of 0.01 per cent thymol (w/w), 
up to 0.00025% ammonia (w/w), and storage 
is in amber colored bottles. 

FLUOTHANE should not be kept indefinitely 
in vaporizer bottles not specifically designed for 
its use. Thymol does not volatilize along with 
FLUOTHANE, and therefore accumulates in 
the vaporizer, and may, in time, impart a yellow 
color to the remaining liquid or to wicks in 
yaporizers. The development of such discolora- 
tion may be used as an indicator that the vapor- 
izer Should be drained and cleaned, and the 
discolored FLUOTHANE (halothane, U.S.P) 
discarded. Accumulation of thymol may be 
removed by washing with diethyl ether. After 
cleaning a wick or vaporizer, make certain all 
diethyl ether has been removed before reusing 
the equipment to avoid introducing ether into 
the system. 

Actions. FLUOTHANE is an inhalation anes- 
thetic. induction and recovery are rapid 

and depth of anesthesia can be rapidly al- 
tered. FLUOTHANE progressively depresses 
respiration, There may be tachypnea with 
reduced tidal volume and alveolar ventilation, 


FLUOTHANE is not an irritant to the respiratory 
tract, and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal and 
laryngeal reflexes are rapidly obtunded. It 
causes Dbronchodilation. Hypoxia, acidosis, or 
apnea may develop during deep anesthesia. 

FLUOTHANE reduces the biood pressure, 
and frequently decreases the pulse rate. The 
greater the concentration of the drug, the more 
evident these changes become. Atropine may 
reverse the bradycardia. FLUOTHANE does not 
cause the release of catecholamines from adre- 
nergic stores. FLUOTHANE also causes dilation 
of the vessels of the skin and skeletal muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include nodal 
rhythm, AV dissociation, ventricular extrasys- 
toles and asystole. FLUOTHANE sensitizes the 
myocardial conduction system to the action of 
epinephrine and norepinephrine, and the com- 
bination may Cause serious cardiac arrhyth- 
mias. FLUOTHANE increases cerebral spina! 
fluid pressure. FLUOTHANE produces moder- 
ate muscular relaxation. Muscle relaxants are 
used as adjuncts in order to maintain lighter 
levels of anesthesia. FLUOTHANE augments 
the action of nondepolarizing relaxants and 
ganglionic blocking agents FLUOTHANE is a 
potent uterine relaxant, 

Indications. FLUOTHANE (halothane, U.S.P) is 
indicated for the induction and maintenance of 
general anesthesia. 

Contraindications. FLUOTHANE is not recom- 
mended for obstetrical anesthesia except when 
uterine relaxation is required, 

Warnings. When previous exposure to 
FLUOTHANE was followed by unexplained 
jaundice, consideration should be given to the 
use of other agents. 

FLUOTHANE should be used in vaporizers 
that permit a reasonable approximation of out- 
put, and preferably of the calibrated type. The 
vaporizer should be placec out of circuit in 
closed circuit rebreathing systems; otherwise 
overdosage is difficult to avoid. The patient 
should be closely observed for signs of overdos- 
age, Le, depression of blood pressure, pulse 
rate, and ventilation, particularly during 
assisted or controlled ventilation. 

Usage in Pregnancy. Sa‘e use of 
FLUOTHANE has not been established with 
respect to possible adverse effects upon fetal 
development. Therefore, F UOTHANE should 
not be used in women where pregnancy is 
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passible and particularly during early pregnancy, 
unless, in the judgment of the physician, the 
potential benefits outweigh the unknown haz- 
ards to the fetus. 

Precautions. The uterine relaxation obtained 
with FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives and oxy- 
tocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal fluid 
pressure. Therefore, in patients with markedly 
raised intracranial pressure, if FLUOTHANE is 
indicated, administration should be preceded 
by measures ordinarily used to reduce cerebro- 
spinal fluid pressure. Ventilation should be 
carefully assessed, and it may be necessary to 
assist or control ventilation to insure adequate 
oxygenation and carbon dioxide removal. 

Epinephrine ar norepinephrine should 
be employed cautiously, if at ali, during 
FLUOTHANE (halothane, U.S.P) anesthesia 
since their simultaneous use may induce ven- 
trcular tachycardia or fibrillation. 

Nondepolarizing relaxants and ganglionic 
Blocking agents should be administered cau- 
tiously, since their actions are augmented by 
FLUOTHANE. 

it has been reported that in genetically 
susceptible individuals, the use of general 
anesthetics and the muscle relaxant, succinyl- 
choline, may trigger a syndrome known as 
malignant hyperthermic crisis. Monitoring tem- 
perature during surgery will aid in early recogni- 
tion of this syndrome. Dantrolene sodium and 
supportive measures are generally indicated in 
the management of malignant hyperthermia. 
Adverse Reactions. The following adverse reac- 
tions have been reported: mild, moderate and 
severe hepatic dysfunction (including hepatic 
necrosis), cardiac arrest, hypotension, respira- 
tory arrest, cardiac arrhythmias, hyperpyrexia, 
Shivering, nausea, and emesis. 

Dosage and Administration. FLUOTHANE may 
be administered by the nonrebreathing technic, 
partial rebreathing, or closed technic. The 
induction dose varies from patient to patient. 
The maintenance dose varies from 0.5 per cent 
to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide. 

How Supplied. No. 3125-—Unit packages of 
125 mi and 250 mi of halothane, U.S.P, stabi- 
lized with 0.01% thymol (w/w), and up to 
0.00025% ammonia (w/w). TI97/RB2 


A pa t Ayerst Laboratories 
PAYCTSE, Kew York. N.Y 10017 
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“EGYPTIAN SOCIETY OF ANESTHESIOLOGISTS” 
‘DEPARTMENT OF ANESTHESIOLOGY’ 
LOYOLA UNIVERSITY OF CHICAGO 
ANNOUNCE 
“EGYPTIAN ANESTHESIA CONFERENCE” 
AN INTERNATIONAL CONVENTION FOR ANESTHESIOLOGISTS 
JANUARY 15-20, 1983 
CAIRO, EGYPT 
Program includes a refresher course and paper 
presentations 
Special guest faculty: Drs. Ali, Baraka, 
Estafanous, Kaplan, Nunn, and Winnie. 
For further details, please write to: 


Adel A. El-Etr, M.D. 
Professor and Chairman 
Department of Anesthesiology 
Loyola University Medical Center 
2160 S, First Avenue 
‘Maywood, Ilinois 60153 
or call (312-531-4015) 


L.A.R.S. 1982 
REVIEW COURSE LECTURES 


96-page booklet containing 14 Review Course Lectures given at the 56th 
Congress, March 15-18, 1982. Copies now available from I.A.R.S. Cleveland 
office at $5.00 per copy. 


*e@¢seteeeoeeeo @0eseeeeeseeeaeeee Cee teeseeveee een eseeeeeeeeee ee eaestepeeseeeee esc SESSE ESSES S EEES ERE] 


LA.R.S. 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Enclosed is check for $______ for ___m.__ cop y((ies) of “1982 Review Course Lectures” to be 
sent to: 


(Name) 
(Mail Address) 


(City, State, Zip) 
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Certified Registered 
Nurse Anesthetist 


Kern Medical Center, a 230-bed teaching hospital 
affiliated with the University of California Schools of 
Medicine at Los Angeles and San Diego is seeking a 
California Registered or CRNA eligible Nurse Anes- 
thetist. 


Excellent opportunity for a progressive individual to 
become a part of a skilled operating room team. 


Call is shared with three CRNAs. Salary $2255-2753 
monthly, $27,060-$33,035 annually. Excellent fringe 
benefits which includes completely paid medical and 
dental insurance. 


If interested, please call (collect) the Department of 
Anesthesia (805) 326-2127, or send resume to: 


Pat Hanrahan, Chief CRNA 
Department of Anesthesia 
Kern Medical Center 

1830 Flower Street 
Bakersfield, California 93305 


SOUTH FLORIDA 


Anesthesiologist needed by an expanding private 
practice group. 


All types of anesthesia administered. Training 
must include both Neonatal and Open Heart an- 
esthesia. 


Florida license is required. 


CONTACT: 


The Chairman 
Anesthesia 

P. O. Box 22411 
Ft. Lauderdale 
Florida 33335 
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International Anesthesia Symposium in Israel 


NEW CONCEPTS IN 


ANESTHESIA AND INTENSIVE CARE 


sponsored by 


Department of Anesthesiology 
BETH ISRAEL MEDICAL CENTER 
in affiliation with 
The Page and William Black 
Post-Graduate School of Medicine 


of the 
Mount Sinai School of Medicine, (CUNY) 


Dates: November 11-19, 1982 


SPEAKERS 


M. Finster, MD, E. Lowenstein, MD, 
S. Thomas, MD 


INFORMATION 


L Azar, MD 
Department of Anesthesiology 
Beth Israel] Medical Center 
10 Nathan D. Perlman Place 
New York, New York 10003 
Telephone: (212) 420-2385 


Fully Accredited 
Anesthesia Residency 
Program 
PGY-1,2,3,84 


University of Massachusetts 
Medical Center 


Applications are now being accepted for 
Anesthesia residencies, (PGY - 1, 2, 3, & 4) in 
the Department of Anesthesia, University of 
Massachusetts Medical Center. The program 
consists of three years training beyond the M.D. 
and an optional fellowship year, which may be 
taken in Critical Care Medicine, Cardiovascular 
Anesthesia, Research, or Pain Control. 


For further information please contact: 
Danna B. Peterson, M.D., Ch. B, Assistant 
Professor of Anesthesia, Residency Program 
Coordinator - Department of Anesthesia. 


_ University of 
"ww Massachusetts 


uc Medical Center 
: se 55 Lake Avenue North 
Worcester, MA 01605 


An affirmative action/ equal opportunity 
employer 





ANESTHESIOLOGY—CHAIRMAN OF 
DEPARTMENT: 

Maricopa County General Hospital, 559- 
beds with four year approved Anesthe- 
slology Residency Program. 3 full-time 
physicians and 15 CRNAs. Current Chair- 
man leaving July ‘82. EOE. Forward inqui- 
ries and CV to MacDonald Wood, M.D., 
c/o Medical Staff Secretary, 2601 E. Roo- 
sevelt, Phoenix, AZ 85008. 


ILLINOIS: 


Immediate openings for Board certified/ 
eligible anesthesiologists—Assistant and 
Associate professors. Research Opportu- 
nities. Applications with Curriculum Vitae 
should be forwarded to: Dr. Donald Ben- 
son, University of Chicago, Department of 
Anesthesiology, 950 E. 59th Street, Chi- 
cago, IL 60637. Phone (312) 947-6128. An 
equal opportunity employer. 


PEDIATRIC ANESTHESIOLOGY RESI- 
DENCY 


Childrens Hospital of Los Angeles has ad- 
vanced clinical program for residents at 
the second and third year level of training. 
Also accepting applications from practic- 
ing anesthesiologists who wish to update 
their knowledge and proficiency. Positions 
available from 2 months to 1 year. Spe- 
cialized year approved by the AMA. For 
further details contact: 

George B, Lewis, Jr, MD 

Head, Division of Anesthesiology 

Childrens Hospital of Los Angeles 

4650 Sunset Boulevard 

4650 Sunset Boulevard 

Los Angeles, CA 90027 

Phone (213) 662-1708 


ALABAMA —— 

Anesthesiologist needed to join a hospital 
based Board certified anesthesiologist and 
7 CRNAs at a 290-bed acute care general 
hospital. Please send curriculm vitae to 
Box 6-82-A, c/o LARS. 


MINNESOTA: 
Anesthesiologist, Board certified or eligi- 
ble, needed in small Minnesota city. Mod- 


ern regional referral hospital. Reply to Box 
11-81-D, c/o LARS. 


a 
classified 
ADVERTISING 


WEST VIRGINIA UNIVERSITY: 


Pain Clinic Fellowship commencing July 
1, 1983 available to applicant with three 
years post graduate training in anesthe- 
siology. Multi-disciplined Pain Clinic, 
seeing approximately 2,500 patients 
yearly, 25% of whom are new patients. 
Clinic based on out-patient model with in- 
house beds available. Regular staff in- 
cludes three anesthesiologists, a phy- 
chiatrist, and two clinical psychologists. 
Ancillary services include physical ther- 
apy, oral surgery and family practice. For 
further information contact Robert Bettin- 
ger, M.D., Director of Pain Clinic, Depart- 
ment of Anesthesiology, West Virginia 
University Medical Center, Morgantown, 
WV 26506. Deadline for applications is 


January 31, 1983. An equal opportunity/ ` 


affirmative action employer. 





Department of Anesthesiology, Medical 
College of Ohio at Toledo, seeks qualified 
additional faculty at Assistant Professor 
and Associate Professor levels for clinical 
practice, teaching and research involve- 
ment. Adding high-risk obstetrical unit 
late 1983. Interest in regional anesthesia 
and pain management sought. Candidates 
must be ABA certified or eligible and have 
Ohio license. Competitive salary commen- 
surate with background and experience. 
New medical school campus and hospital 
in attractive lake-side community with ex- 
cellent family assets, and recreational op- 
portunities. Please send letter, CV plus 
three references to John T. Martin, M.D., 
Professor and Chairman, Department of 
Anesthesiology, Medical College of Ohio 
at Toledo, CS 10008, Toledo, Ohio 43699. 


ANESTHESIOLOGIST — 

34, M.D., Ph.D., Board certified with 1 
year experience and strong academic 
background, wants position in N.Y.C. area 
including N.J. and S.W. Conn. Reply to 
Box 7-82-A, c/o LARS. 

a aa Ae a T i 


ANESTHESIOLOGIST: 

Professional corporation seeking a Board 
eligible anesthesiologist for a five-man 
group with CRNAs. Please send CV and 
resume to Tuscon Anesthesia P.C., 1773 
W. St. Mary’s Rd. Suite 104, Tuscon, Ar- 
izona 85745. 
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WISCONSIN— 


The Department of Anesthesiology of the 
Medical College of Wisconsin is recruiting 
for faculty for its expanded affiliated hos- 
pitals. All aspects of anesthesia with ex- 
cellent facilities for basic and clinical in- 
vestigations. Board certified/eligible with 
demonstrated interest in clinical teaching. 
Competitive salary and extraordinary 
fringe benefit program. Reply to John P. 
Kampine, M.D., Ph.D., Professor and 
Chairman, Department of Anesthesiology, 
The Medical College of Wisconsin, 8700 
W. Wisconsin Avenue, Milwaukee, WI 
53226. 


ANESTHESIOLOGIST— 

Board certified/eligible: To join four phy- 
sician, private fee-for-service anesthesiol- 
ogy group. Group provides total anesthe- 
sia care in busy modern metropolitan hos- 
pital (300 beds). Excellent salary, fringe, 
continuing education and related profes- 
sional development. Beautiful community 
with excellent schools and education. 
Great opportunity for professional and fi- 
nancial growth in family oriented com- 
munity. Immediate opening but will wait 
for right candidate. Send qualifications to 
Medical Park Anesthesiologists, Inc., 
Medical Park, Wheeling, WV 26003. 





CHIEF ANESTHESIOLOGISTS 


needed for growing modern ambulatory 
surgical centers. All types of procedures 
performed. Locations throughout Florida. 
Send resumes to Box 6-82-B, c/o LARS. 





ANESTHESIOLOGISTS 


needed for growing modern ambulatory 
surgical centers. All types of procedures 
performed. Locations throughout Florida. 
Send resumes to Box 6-82-C, c/o IARS. 





CRNA— 


desires position in South and/or Mid East- 
ern locations. Navy trained with 12 years 
experience in IV, Regional, and Inhalation 
techniques. Available January 1983. Ex- 
perience varies from solo practice to large 
teaching institutions. Resume and refer- 
ences available upon request. Contact: Ed- 
ward W. Morris, 9308 Judge Place, Gaith- 
ersburg, Md. 20879. 











|S ct rE SN SSN 
ANESTHESIOLOGISTS 


needed, Board certified or eligible in ex- 
panding 650-bed medical center. Excellent 
practice opportunity. Please contact R. P. 
Strader, M.D., Western Anesthesiology, 
P.O. Box 24507, St. Louis, MO 63141. 


RCA A EC EIS IEE A 
CRITICAL-CARE FELLOWSHIP—. 


1-year position available July 1983, in a 
300-bed Harvard affiliated teaching hos- 
pital with a new multi-discipline Intensive 
Care Unit. Exposure to all areas of adult 
critical-care medicine, including surgical 
and medical illnesses. Experience in car- 
diorespiratory management, invasive and 
non-invasive monitoring, hyperalimenta- 
tion, etc. Specialty alignment not critica! 
but anesthesia experience preferred. Board 
eligibility required. Please reply to D. 
Geha, M.D. MOUNT AUBURN HOSPI- 
TAL, 300 Mount Auburn St., Cambridge, 
MA 02239, An Equal Opportunity Em- 
ployer. 


TRANCAS EEEE 
TEXAS— 


Small, attractive Northeast Texas city with 
unusually advanced medical community 
needs another anesthesiologist, Board eli- 
gible or Board certified. Send CV to Box 
8-82-E, c/o TARS, 


cmsnammaannanpapemnae een en nny 
MISSOURI- 


Qualified anesthesiologist needed to join 
a group of anesthesiologists and CRNAs 
adjacent to large metro area. Salary, fringe 
benefits. No OB, no open heart. Inquiries 
and CV to P. O. Box 26203, St. Louis, MO 
63136. 

EAA ET TTT OI IIE DS I BOOS TRE EIS 


TEXAS— 

Faculty position in active, academic de- 
partment in the Sunbelt. Experience and/ 
or interest in teaching and research. Op- 
portunities to get involved in Pain Center, 
as well as other departmental activities: 
LCU.: resident and medical student teach- 
ing, etc. Candidates should be eligible for 
licensure in the state of Texas. Contact Dr. 
Gabor Racz, Professor and Chairman, De- 
partment of Anesthesiology, Texas Tech 
University Health Sciences Center, 3601 
4th Street, Lubbock, Texas 79430. 
TTUHSC IS AN EQUAL OPPORTU- 
NITY EMPLOYER. 


classified] 
ADVERTISING 


‘SEES i D a E E E E E E E E Rai 
ALABAMA — 

THE UNIVERSITY OF ALABAMA IN 
BIRMINGHAM: A special opportunity 
has just opened for a Board certified Anes- 
thesiologist to direct the new One-day 
Surgical and Treatment Center at The Uni- 
versity of Alabama in Birmingham. The 
unit will have six operating rooms, 14 
treatment rooms, and a patient load of 
about 65 patients per day. In addition to 
one-day surgery, the unit will provide out- 
patient services for chemotherapy, ultra- 
violet treatment, endoscopy, etc. The Di- 
rector will have clinical, teaching and ad- 
ministrative responsibilities. Compensa- 
tion includes a very attractive salary, in- 
centive plan, and flexible benefits pro- 
gram. An early appointment to this past 
will permit the Director to participate in 
the final design stage. Interested candi- 
dates should contact Edward A. Ernst, 
M.D., Professor and Chairman, Depart- 
ment of Anesthesiology, The University of 
Alabama in Birmingham, Birmingham, AL 
35294, or call (205) 934-6500. The Univer- 
sity of Alabama in Birmingham is an Af- 
firmative Action/Equal Opportunity Em- 
plover. 


Re TR EAT RE INA EET 
OREGON— 


Anesthesiologist at small community hos- 
pital in northern Willamette Valley seeks 
second and possibly third Board certified / 
qualified anesthesiologist. Practice in- 
cludes general and subspecialty surgery, 
some normal obstetrics, some pediatrics. 
Ne neuro, open heart, major vascular, or 
high-risk obstetrics. Pace is slower than 
larger hospitals in this area; position is 
most suitable forthe physician who wishes 
to have time to spend with family or other 
nonmedical interests. Please reply to Box 
8-82-A, c/o LARS. 

LLL RELA ETT EE NE ETT TEM TR. 
ANESTHESIOLOGIST: 

38 years old, U.S. trained and Board cer- 
tified, seeks fee-for-service practice. All 
M.D. group preferred. Reply to Box 8-82- 
C, c/o JARS, 
ETT I CERES 
ANESTHESIOLOGIST — 

seeks group or hospital practice. U.S. grad- 
uate, 20 years experience, will relocate. 
Reply to Box 8-82-B, c/o LIARS. 
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KENTUCKY —- 

Rural, expanding {180 beds} hospital seek- 
ing Board eligible or certified graduate of 
an American Medical School to head de- 
partment. Arrangements negotiable. Send 
C.V. to: Administrator, Highlands Re- 
gional Medical Center, P. ©. Box 668, 
Prestonsburg, KY 41653. 


(ii a a S E ae E AE e a AERA A ee ee] 


Marshfield Clinic seeks anesthesiologist to 
join 7 M.D.s and 15 CRNAs in providing 
services for multispecialty group of 190 
physicians and 512-bed referral hospital, 
Please send curriculum vitae to Sidney E. 
Johnson, M.D., Marshfield Clinic, Marsh- 
field, WI 54449 or call collect at 715-387- 
3253, 


SA TSE I EP oT 
DEPARTMENT OF ANESTHESIOLOGY 


seeking faculty members at all levels. 
Highly competitive income and attractive 
recreational-living area. Opportunity to 
help organize department and function in 
academic environment. Please submit cur- 
riculum vitae to Norman H. Blass, M.D, 
Professor and Head, Department of Anes- 
thesiology, LSU Medical Center, P. O. Box 
33932, Shreveport, LA 71130. AN EQUAL 
OPPORTUNITY EMPLOYER. 


A OR IS SOE 
ANESTHESIOLOGIST— 


BOARD CERTIFIED, 32 - Presently in 
private practice. Wishes to relocate in 
coastal area with generous vacation time. 
Trained and experienced in cardio-vascu- 
lar and high-risk anesthesia, Swan-Ganz 
Monitoring, as well as the broad spectrum 
of anesthesiology. Personality well suited 
to group practice. Reply to Box 8-82-D, 
c/a LARS. 


TERPENTIN 
Rates for classified advertising: $3.00 per 
line, minimum 5 lines; box number ads 
$3.50 per line. Classified display rates on 
request. Copy deadline 6 weeks prior to 
publication. Do not submit payment with 
order; invoices will be sent for payment 
prior to publication. Ad copy, subject to 
acceptance by publisher, should be mailed 
to: Anesthesia and Analgesia, 3645 War- 
rensville Center Rd, Cleveland, OH 
44122. 
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Now formulated without parabens, Regonol is a 
fast-acting reversal agent with documented 
advantages over neostigmine. It maintains 
greuter cardiovascular stability,’ causes fewer 
muscarinic side effects,2 and has up to 33% 
longer action. A wider margin between the anti- 
curare dose and the neuromuscular blocking 
dose? assures better control of the patient. 








A step forward 
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References: 1. Gyermek L: Curr Ther Res 18:377-386, 1975. 2. Katz RL: Anesthesiology 


BRIEF SUMMARY—(Piease consult full package insert, enclosed in every package. before 
using Regonol) 


INDICATIONS—Pyridostigmine bromide is useful as a reversal agent or antagonist to 
nondepoilarizing muscle relaxants. 


CONTRAINDICATIONS— Known hypersensitivity to anticholinesterase agents: intestinal and 
urinary obstructions of mechanical type. 


WARNINGS—Pyridostigmine bromide should be used with particular caution in patients with 
bronchial asthma or cardiac dysrhythmias. Transient bradycardia may occur and be relieved by 
atropine sulfate. Atropine should also be used with caution in patients with cardiac dysrhyth- 
mias. When large doses of pyridostigmine bromide are administered, as during reversal of 
muscle relaxants, prior or simultaneous injection of atropine sulfate is advisable. Because of the 
possibility of hypersensitivity in an occasional patient, atropine and antishock medication 
should always be readily available. 

When used as an antagonist to nondepolarizing muscle relaxants, adequate recovery of 
voluntary respiration and neuromuscular transmission must be obtained prior to discontinua- 
hon of respiratory assistance and there should be continuous patient observation. Satisfactory 
recovery may be defined by a combination of clinical judgement, respiratory measurements and 
observation of the effects of peripheral nerve stimuiation. If there is any doubt concerning the 
adequacy of recovery from the effects of the nondepoiarizing muscle relaxant, artificial 
vertuation should be continued until all doubt has been removed. 


Use in Pregnancy—The safety of pyridostigmine bromide during pregnancy or factation in 
humans has not been established. Therefore its use in women who are pregnant requires 
weighing the drug's potential benefits against its possible hazards to mother and child, 

ADVERSE REACTIONS—The side effects of pyridostigmine bromide are most commonly 
related to overdosage and generally are of two varieties, muscarinic and nicotinic. Among those 
in the former group are nausea, vomiting, diarrhea, abdominal crarnps, increased peristalsis, 
increased salvation, increased bronchial secretions, miosis and ciaphoresis. Nicotinic side 
effects are comprised chiefly of muscle cramps, fasciculation and weakness. Muscarinic side 





28:528-534, 1967 


effects Can usually be counteracted by atropine. As with any compound containing the bromide 
radical, a skin rash may be seen in an occasional patient. Such reactions usually subside 
promptly upon discontinuance of the medication. Thrombophiebitis has been reportec 
subsequent to intravenous administration. 


DOSAGE AND ADMINISTRATION—WWhen pyidostigmine bromide is given intravenously. tc 
reverse the action of muscle relaxant drugs, it is recommended that atropine sulfate (0.6 to he 
mg or glycopyrrolate in equipotent doses be given intravenously immediately prior to oi 
simultaneous with its administration. Side effects, notably excessive secretions and bradycar. 
dia are thereby minimized. Reversal dosages range trom 0.1-0.25 mg./kg. Usually 10 or 20mg 
of pyridostigmine bromide will be sufficient for antagonism of the effects of the nondepolarizinc 
muscle relaxants. Although full recovery may occur within 15 minutes in most patients, others 
may require a half hour or more. Satisfactory reversal can be evident by adequate: voluritary 
respiration, respiratory measurements and use of a peripheral nerve stimulator device. iti 
recommended that the patient be well ventilated and a patent airway maintained until complete 
recovery Of normal respiration is assured Once satisfactory reversal has been attained. 
recurarization has not been reported. ak 

Failure of pyridostigmine bromide to provide prompt (within 30 minutes) reversal may occur 
£.g. in the presence of extremne debilitation, carcinomatosis, or with concomitant use of certair 
broad spectrum antibiotics or anesthetic agents, notably ether. Under these circumstances 
ventilation must be supported by artificial means until the patient has resumed control of his 
respiration. ae 


HOW SUPPLIED—Regonol is available in: 
Smg mi: 2m. ampuis—boxes of 25—NDC-0052-0460-02 
Smi. vials—boxes of 25--NDC-0052-0460-05 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 











Organon 


A PART OF Akzona INC. 
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Please send me information about AA- 8-82 


O The Limitless Servo Ventilator System 
C Halothane Vaporizer 950 and 
Enflurane Vaporizer 951 


CI Contact me 
Name 
Position ___ ar ee 
Hospital _—— 
Address __ 





ISSN 0003-2999 
vol.61,no.9 September 1982 


- Amestinesia 
amel AMAIGeSIA 


Journal of the International 
m À Anesthesia Research Society 


OLDEST PUBLICATION IN THE SPECIALTY- 
ES™48LISHED 1922 





Super 
Safety Clear 


RUSCH’ Features 
Clear Tracheal Tubes 
with Nasoral Tip 


Nasoral tip with 
inserted catheter 


The newly developed, gently cupped 
nasoral tip allows for better patient 
care intubation, oral and nasal. 

It prevents accumulation of mucus 
and damage to the tracheal wall. 
During patient ventilation, turbulence 
is reduced. 

The imbedded radiopaque indicator 
is continuous from proximal 

to distal tip, facilitating accurate 
placement of the tube. 


The inner lumen configuration, 
at the tip, allows to easily pass 
a suction catheter. 

The clear, see through material 
composition, enables visualized 
detection of misting, 

aiding ventilation monitoring. 
The cuff is dependably sealed 
with a one-way valve, which 
accepts a Luer Lok as well as 
a Luer Slip syringe. 


RUSCH 


53 West 23rd Street 
New York, N.Y. 10010 
Phone (212) 675-5556 


2000 Ellesmere Rd. Scarborough, 
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ANNOUNCING 
NARAN) LWO | NaRCAN 


naloxone HCI naloxone HCI 
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an example of Endo 


° ` g ` ` K 
S @ 0! alter use Pharmaceuticals, Inc’s frequent use EN i 


ongoing commitment 
to the medical com- 
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NARCAN is a U.S. registered trademark 
of Endo Pharmaceuticals, Inc. 
© 1982 Endo Pharmaceuticals, Inc. 
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Se. Please see next page for brief summary ° 
| WN \' of full prescribing information. 
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Monitoring 
THERMOMETERS 


NARCAN ` INJECTION 
NARGAN NEONATAL INJECTION (naloxone hydrochloride 









Na CA ap nist 
Briet Summa t Prescribing Informatior 
INDICATIONS * AN s indicoted for the complete or parha | 
aversa oii c depression inciuding respiratory depressio 
Nduced by opioids including natural and synthetic narcoti 
poxyphene and the narcotic-antagonis! analgesics, nalibupnine 
pentaz ne and butorphanol NARCAN is also indicated for the n 
Iagnosis suspected acute opioid overdosaae TEMPERATURE °C z 
CONTRAINDICATIONS NARC AN scontroindicoted in patients kn 
to be hypersensitive to ıt 
WARNINGS NARCAN should be administered cautiously to persor 
ncluding newborns of mothers who are known or suspected to be 
physically dependent on opioids in such cases an abrupt and 
mplete reversal of narcotic effects may precipitate te 
1bsħtnence syndrome 3 
The patentwho h ee torily responded to NARCAN should be 3 
kept under continued surveillance and repeated doses of NARCAN 4 
Should be administered. as necessary since the duration of A 
some narcotics may exceed that of NARCAN i 
NARCAN ıs not effective aga nst resoirats ry Jepression 
if pD 1 OS 3 
Usage in Pregnancy: < safe use of NARCAN during pregnancy (other E 
than lab 10t been established Animal reproduction studies 2 
t not demonstrated teratogenic or other embrvotoxic effect € i 
ONE hehe ONSU E AT ee Model TH-6 with column ciamp TH/CC-1 
ANIME AL P ARMA OLOGY AND TOXICOLOGY However NARCAN 
houid be administered to pregnant patienis only when in th OR US SENSORS 
uig rs ere ) preg D 3 Y WII ia MAJ R U ES 2 EN R AND 
judgme i the oh VSI ian the potential benefits yuwe Jr tr 


possible hozard E i iii ne A Anesthesia, Cardiac Surgery, MICROPROBES 
PRECAUTIONS ' addition to NARCAN other resuscitative measures Hyperthermia, Patency 42 types, stainless steel, 
suchas maintenance of a tree airway artificial ventilation. cardio Monitors, Bio-research, etc. Teflon, etc. 


mass oH Ind vasopressor agents should be i available Ind en 


ployed when necessary fo oe JC! Icufe narcotic poison Te ey DIGITAL DISPLAY Ss SAFETY 


In an isolated report two patien with pre-existing vertncular A B 
PEE tort Aa e Aaa ee E aviati ine Easily read to 0.1°C Works on low voltage batteries 
for hypotension following saidio monary byposs procedures 
Jeveloped ventriculor tachycardia or fibrillahor Hi a he AN = FAST RESPONSE E BATTERY LIFE 
IV at 9 and 14 hours. respectively postoperatively for persistent Readings in 20 seconds 1 Year (6 Hours per Day) 
unresponsiveness Although a direct cause and effect relatonship 


has not been established. NARCAN should be usea with caution ir BRIEF SPECIFICATIONS 
i ele dl i NL i TEA INSTRUMENT ACCURACY: 0.2°C (worst case) in the range 0-50°C 


In rors es reversal of narcot Inesthesia has resulte 


pulmonary edema | SAFETY STANDARDS: Conforms to: NFPA 56A Inhalation Anesthetics, 
ADVERSE REACTIONS 0 uy OVO OE eee TAPES a) UL 544 1972, ANSI/AAMI Safe Current Limits. 


result in nausea, vomiting, Sweating, tachycardia, increased D } 
pressure and Aak Ah in postoperative patients excessive 
josage of NARCAN may result in significant reversal of ancigesia 
and excitement ın some cardiac patients the resultant hyper ensior 
and tachycardia may result in left ventricular failure and pulmon 
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stethoscope temperature probes made by 
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side effects 
DOSAGE AND ADMINISTRATION NARCAN (naloxone hydrocn 
ride) may be administered intravenously intramuscularly or subcu 
taneously The most rapid onset of action 1s achieved by intravenous 515 Victor St. > Saddle Brook NJ 07662 > (201) 845-7252 
administration and it is recommended 1 emergency situations X 

Since the duration of action of some narcotics may exceec that of = 
NARCAN the patient should be kept under continued surveillarce and 
repeated doses of NARCAN should be administered as necessar 
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USAGE IN ADULTS Narcotic Overdose — Known or Suspected: The ° 
usuol initial adult dose is O 4 ma (1 mI) NARCAN administered | \ JEM 400 G d S d 
IM ‘SC Ifthe desired deqree of counteraction and improvemer tir ul e pee S 


respiratory function ts not obtained immediately foll wing! V admir 
istration. it may be repeated intravenously at 2 to 3 minute intervals Endotracheal Tube 
Failure to obtain significant improvement after 2 or 3 doses suggests 
that the condition may be due partly or completely to other disease 
processes or non-opioid drugs 
At ee noe Depression: For the partial reversal of 
narcotic depression following the use of narcotics during surgery 
smalier doses ¢ NAR AN are usually sufficient The dose of NARCAN 
should be titrated ccording to the patients response For the initia 
reversal of respiratory depression. NARCAN should be injected in 
ncrements of 0) to 0 2? mq intravenously at two to three minute 
ntervals to tne desired degree of reversal 1e adequate ventilatior 








and alertness without signific Int pain or discomfort Excessive 
iosa Je f NARCAN may resultin s gn ficant reversal of analgesia and 
ncrease in blood pressure Sim larly toc rapid reversal may induce 


nausea vom inng sweating Or circul at Yy stess 
Repeat doses of NARCAN may be required within one to two hour 
ntervals de per 1ding upon the amour t ype e shortorlong acting 
and tme interval since last administration of narcotic Supplementa 
nframuscular doses have been shown to produce a longer lasting 
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Endotracheal tube changing is greatly simplified 
| through the use of the JEM 400 Guide Tube. Once 

USAGE IN CHILDREN Narcotic Overdose — Known or Suspected: ; 3 

The usual initial child dose is O 01 mg kg body weight given I V | M replacement tube cuff is deflated and lubricated, 

or SE This dose may be repeated in accordance with the adult adapter from patient's existing tube is removed and 


administration guideline If necessary NARCAN can be diluted witt 


sterile water for injection Guide is inserted through the E.T. lumen to the 


USAGE IN NEONATES Narcotic- ee depression: The usua ; š i ` ‘ ‘ 
ntialdoseis 0 Ol mg kg body weight administered | V. | M or Guide mark. This aligns Guide tip with bevel of en- 


This dose may be repeated in accordance with adult administrator dotracheal tube. Stabilize Guide, deflate cuff, and 


guideiunes 


HOW SUPPLIED 0 4 mg mi of NARCAN (naloxone hydrochloride remove old tube. New tube is then passed over 


for intravenous. intramuscular and subcutaneous administrction 


Available as follows Guide until proximal end is at Guide mark. Remove 
| mi ampuls in boxes of 1 NDC 0590-0365- 1 í i i 
esof10 NDC 0590-0365-10 the Guide, reattach adapter, and inflate cuff. This 


| mi disposable prefilled syringes i) 
sober He Ol oe procedure takes 30 to 120 seconds. A smooth, 
JOXES OF 29 VDC 0590-0365-22 | i ara . . 

ae vials NDC:0990-0365-05 polished end minimizes risk of tracheal mucosal 
0 02 mg mi of NARCAN \aloxone hydrochloride) NEONAT P or è A 

e e e aa trauma. Write for additional information. 


ministration Available as 
2 mi ampuls in boxes of 10 NDC 0590-0367-10 
6108-2 


NARCAN isaregistered U S trademark of Endo Pharmaceuticals. Inc 
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Servo Simplicity 


The Limitless Servo Ventilator System 
has combined advanced technology with 
sophisticated human engineering principles 


The Servo Ventilator provides limitless 
respiratory therapy and standard physical 
parameter monitoring. It also provides the 
central processing of information for phy- 
siologic monitoring with the CO, Analyzer 
930 and the Lung Mechanics Calculator 94 


Additionally the Servo Ventilator System 
has been designed to easily interact with 
future developments including computerized 
patient monitoring systems. 


The Limitless Servo Ventilator System 


| ames send me information about 


O The Limitless Servo Ventilator System 
O Servo Ventilator 900 C 


C Contact me 
Name 

Position —.__ 
Hospital 
Address __ 


SIEMENS-ELEMA 
Siemens-Elema Ventilator Systems 
1765, Commerce Drive, Elk Grove Village, 
illinois 60007, Telephone: (312)981-4940 

2 For countries outside U.S.: 
iemens-Elema AB, Ventilator Division, 
S-17195 Solna, Sweden 
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premedication with 
Ativan’ (lorazepam) 
= injection IM or lV 
mew effectively reduces 
| Pf recall of events 

my surrounding surgery 


@ Allays preoperative apprehension 








@ Leaves patients calm but cooperative 
® Causes little, if any, IV irritation 
@ Rated “highly acceptable” 


by most patients in clinical studies 


Surgical procedures are perceived as frightening or 
unpleasant by most patients. If given the opportunity, many 
would rather not remember anything about the ordeal. 


Ativan“ Injection can help. Administered as recommended, 
Ativan Injection helps sedate the patient, relieves presurgical 
anxiety and diminishes recall of events surrounding surgery. 


‘The dosage of Ativan Injection should be individualized for each 
patient. kor those patients in whom a lack of recall and excellent 
sedation are desired, doses of 0.05 mg/kg up to a maximum 

of + mg should be administered. For patients in whom a lack of 
recall is not desired, as well as for the elderly or debilitated, the 
dose of Ativan Injection should be reduced. 

Wyeth Laboratories 


See important information on following page. | { Philadelphia. PA 19101 
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INJECTION M oI 
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DESCRIPTION: Ativan® (lorazepam) injection, a benzodiazepine with antianxiety and sedative effects, is intended 
for IM or IV use. Ht has the chemical formuta 7-chlore-5-(o-chloraphenyt}-1,.d-dihydro-3-hydroxy-2H-1,4-benzo- 
diazepin-2-one. 

Lorazepam is a nearly white powder almost insoluble in water. Each mi of sterile injection contains either 2.0 or 
4.0 mg lorazepam, 0.18 mi polyethylene glycal 400 in propylene glyco! with 2.0% benzyl alcohol as preservative. 


CLINICAL PHARMACOLOGY: IV or IM administration of recommended dose of 2-4 mg lorazepam injection to 
aduit patients is followed by dose related effects of sedation (sleepiness or drowsiness), relief of preoperative anxi- 
ety and lack of recall of events related to day of surgery in most patients. The clinical sedation (sleepiness or 
drowsiness} thus noted is such that most patients are able to respond to simple instructions whether they give 
appearance of being awake or asleep. Lack of recall is relative rather than absolute, as determined under condi- 
fions of careful patient questioning and testing, using props designed to enhance recall. Most patients under these 
reinforced conditions had difficulty recalling perioperative events, or recognizing props from before surgery. Lack 
of recall and recognition was optimum within 2 hours after IM and 15-20 minutes after IV injection. 

intended effects of recommended adult dose of lorazepam injection usually last 6-8 hours. in rare instances and 
where patients received greater than recommended dose, excessive sleepiness and prolonged lack of recall were 
noted, As with other benzodiazepines, unsteadiness, enhanced sensitivity to CNS depressant effects of ethyl aico- 
hot and other drugs were noted in isolated and rare cases for greater than 24 hours. 

Studies in healthy adult volunteers reveal that IV lorazepam in doses up to 3.5 mg/70 kg does not alter sensitiv- 
ity to respiratory stimulating effect of carbon dioxide and does not enhance respiratory depressant effects ot doses 
of meperidine up to 100 mg/70 kg (also determined by carbon dioxide challenge) as long as patients remain suffi- 
ciently awake to undergo testing. Upper airway obstruction was observed in rare instances where the patient 
received greater than recommended dose. and was excessively sleepy and difficult to arouse. (See WARNINGS and 
ADVERSE REACTIONS.) 

Clinically employed doses of lorazepam injectable do not greatly affect the circulatory system in the supine posi- 
tion or employing a 70 degree tilt test. Doses of 8-10 mg of IV lorazepam (2 to 2.5 times maximum recommended 
dosage} will produce toss of lid reflexes within 15 minutes. 

Studies in six (6) healthy young adults who received lorazepam injection and no other drugs reveated that visual 
tracking (the ability to keep a moving fine centered) was impaired for a mean of eight (8) hours following 4 mg IM 
lorazepam and four (4} hours following 2 mg IM with considerable subject variation. Similar findings were noted 
with pemovarbital 150 and 75 mg. Although this study showed both lorazepam and pentobarbital interfered with 
eye-hand coordination, data are insufficient to predict when it would be safe to operate a motor vehicle or engage in 
hazardous occupation or sport. 

INDICATIONS AND USAGE: in adults —for preanesthetic medication, producing sedation (sleepiness or drowsi- 
ness}, relief of anxiety, and decreased ability to recall events related to day of surgery. Most useful in patients anx- 
ious about surgical procedure who preter diminished recall of events of day of surgery. 

CONTRAINDICATIONS: Known sensitivity to benzodiazepines or vehicle (polyethylene glycol. propylene glycol, 
and benzy! alcohol) or acute narrow angle glaucoma. intra-arterial injection is contraindicated because, as with 
other injectable benzodiazepines, inadvertent intra-arterial injection may produce arteriospasm resulting in gan- 
grene which may require amputation. (See Warnings) 

WARNINGS: PRIOR TO IV USE, LORAZEPAM SHOULD BE DILUTED WITH EQUAL AMOUNT OF COMPATIBLE DILUENT 
(SEE DOSAGE AND ADMINISTRATION}. IV INJECTION SHOULD BE MADE SLOWLY AND WITH REPEATED ASPIRATION, 
CAREFULLY DETERMINE THAT INJECTION WILL NOT BE INTRA-ARTERIAL AND PERIVASCULAR EXTRAVASATION 
WILL NOT OCCUR. PARTIAL AIRWAY OBSTRUCTION MAY OCCUR IN HEAVILY SEDATED PATIENTS. IV LORAZEPAM, 
GIVEN ALONE IN GREATER THAN RECOMMENDED DOSE, OR AT RECOMMENDED DOSE AND ACCOMPANIED BY 
OTHER DRUGS USED DURING ANESTHESIA, MAY PRODUCE HEAVY SEDATION: THEREFORE, EQUIPMENT TO MAIN- 
TAIN PATENT AIRWAY AND SUPPORT RESPIRATION AND VENTILATION SHOULD BE AVAILABLE. 


No evidence now supports lorazepam injection in coma, shock or acute alcohol intoxication. Since the liver is the 
most likely site of conjugation and since excretion of conjugated lorazepam (glucuronide), is renal, lorazepam is not 
recommended in hepatic and/or renal failure. This does not preclude its use in patients with miid to moderate hepa- 
lic or renal disease. When injectable lorazepam is used in mild to moderate hepatic or renal disease, consider 
lowest effective dose since drug effect may be prolonged, Experience with other benzodiazepines and limited expe- 
rence with parenteral lorazepam demonstrated that tolerance to concomitant alcoho) and other CNS depressants 
is diminished. As with similar CNS-acting drugs, patients receiving injectable lorazepam should not operate 
machinery or motor vehicles or engage in hazardous occupations for 24 io 48 hours. impairment of performance 
may persist for greater intervals because of extremes of age, other concomitant drugs. stress of surgery or generat 
Condition of patient. Clinical trials showed patients over 50 may have more profound and prolonged sedation with 
IV use. Ordinarily an initial dose of 2 mg may be adequate, unless greater degree of lack of recall is desired. As with 
all CNS depressants, exercise Care in patients given injectable lorazepam since premature ambulation may result 
in injury from falling. There is no added beneficial effect from adding scopolamine to injectable lorazepam: their 
combined effect may result in increased incidence of sedation, hallucination and irrational behavior. 

Pregnancy: LORAZEPAM GIVEN TO PREGNANT WOMEN MAY CAUSE FETAL DAMAGE. Increased risk of congenital 
malformations with use of minor tranquilizers (chiordiazepoxide, diazepam, meprobamate) during first trimester of 
pregnancy was suggested in several studies. in humans, blood levels from umbilical cord blood indicate placental 
transfer of lorazepam and its glucuronide. Lorazepam injection should not be used during pregnancy because of 
insufficient data on obstetrical satety, including its use in cesarean section. Reproductive studies performed in 
mice, rats, and two Strains af rabbits showed occasional anomalies (reduction of tarsais, tibia, metatarsals, mairg- 
tated limbs, gastroschisis, malformed skull and microphthaimia) in drug-treated rabbits without relationship to 
dosage. Although ali these anomalies were not present in concurrent contro! group, they have been reported to 
occur randomly in historical controls. At doses of 40 mg/kg p.o. or 4 mg/kg IV and higher, there was evidence of 
fetal resorption and increased fetal loss in rabbits which was not seen at lower doses. 

Endoscopic Procedures: There are insufficient data to support lorazepam injection for outpatient endoscopic 
procedures. Inpatient endoscopic procedures require adequate recovery room observations. Pharyngeal reflexes 
are not impaired when lorazepam injection is used for per-oral endoscopic procedures, therefore adequate topical 
or regional anesthesia is recommended to minimize reflex activity associated with such procedures. 


PRECAUTIONS: Generat: Bear in mind additive CNS effects of other drugs, e.g. phenothiazines, narcotic anaige- 
sics, barbiturates. antidepressants, scopolamine and MAO inhibitors when these drugs are used concomitantly 
with or during period of recovery from lorazepam injection. (See CLINICAL PHARMACOLOGY and WARNINGS } Use 
extreme care in giving lorazepam injection to elderly or very ill patients, or those with limited pulmonary reserve, 
because of possible underventilation and/or hypoxic cardiac arrest. Resuscitative equipment for ventilatory sup- 
part should be readily available. (See WARNINGS and DOSAGE and ADMINISTRATION.) When lorazepam is used IV 
as premedicant prior to regional or focal anesthesia, excessive sleepiness or drowsiness may possibly interfere 
with patient cooperation to determine anesthesia levels. This is most likely when more than 0.05 mg/kg is given 
and narcotic anaigesics are used concomitantly with the recommended dose. (See ADVERSE REACTIONS } 


information for Patients: As appropriate. intorm patients of pharmacological effects. e.g. sedation, retief of 
anxiety and lack of recall, and duration of these effects (about 8 hours), so they may adequately perceive risks as 
well as benefits from its use. Caution patients who receive lorazepam injection as premedicant that driving auto- 
mobiles or operating hazardous machinery, or engaging in hazardous sports should be delayed for 24 to 48 hours 
after injection. Sedatives, tranquilizers, and narcotic analgesics given with injectable lorazepam may produce 
more prolonged and profound effect, taking the form of excessive sleepiness or drowsiness, and rarely interfering 
with recall and recognition of events of day of surgery and the day after. Getting out of bed unassisted may result in 
falling and injury if undertaken within 8 hours of receiving lorazepam injection. Alcoholic beverages shouid not be 
used for at least 24 to 48 hours after lorazepam injection due to additive effects on CNS depression seen with ben- 
zodiazepines in general. Elderly patients should be told lorazepam injection may make them very sleepy for tonger 
than 6 to 8 hours after surgery. 

Laboratory Tests: In clinical trials no laboratory test abnormalities were identified with single or multiple doses 
of lorazepam injection. Tests included: CBC, urinalysis, SGOT, SGPT, bilirubin, alkaline phosphatase, LDH, choles- 
terol, uric acid, BUN, glucose, calcium. phosphorus and total proteins. 

Drug interactions: Lorazepam injection, fike other injectable benzodiazepines, produces CNS depression when 
given with ethyl alcohol, phenothiazines, barbiturates, MAO inhibitors and other antidepressants. When scopola- 
mine is used concomitantly with injectabie lorazepam increased incidence of sedation, hallucinations and irrational 
behavior was observed. 

Drug/Laboratory Test Interactions: No laboratory test abnormalities were identified when lorazepam was 
given alone or concomitantly with another drug, e.g. narcotic analgesics. inhalation anesthetics. scopolamine, 
atropine, and various tranquilizing agents. 


Carcinogenesis, Mutagenesis, impairment of Fertility: No evidence of carcinogenic potential emerged in 
rats and mice during an 18-month study with oral lorazepam. No studies regarding mutagenesis have been per- 
formed, Pre-imp-antation study in rats. performed with oral lorazepam at a 20 mg/kg dose, showed no impairment 
of fertility. 

Pregnancy: Pregnancy Category D. See WARNINGS section. 

Labor and Delivery: There are insufficient data for lorazepam injection in tabor and delivery, including cesarean 
section, therefore, this use is not recommended. 

Nursing Mothers: Do not give injectable lorazepam to nursing mothers, because like other benzodiazepines, 
lorazepam may possibly be excreted in human milk and sedate the infant. 

Pediatric Use: There are insufficient data to support efficacy or make dosage recommendations for injectable 
lorazepam in patients under 18 years: therefore, such use is not recommended. 

ADVERSE REACTIONS: ONS: Most frequent adverse effects with injectable lorazepam are extensions of drug's 
CNS depressant effects, Incidence varied from one study to another, depending on dosage, route, use of other CNS 
depressants, and investigator s opinion concerning degree and duration of desired sedation. Excessive sieepiness 
and drowsiness were main side effects. This interfered with patient cooperation in about 6% (25/446) of patients 
undergoing regional anesthesia in that they were unable to assess levels of anesthesia in regional blocks or with 
Caudal anesthesia. Patients over 50 years had higher incidence of excessive sleepiness or drowsiness compared 
with those under 50 (21/106 vs 24/245) when lorazepam was given IV (see DOSAGE and ADMINISTRATION). On rare 
occasion (3/1580) patient was unable to give personal identification on arrival in operating room, and one patient 
fell when attempting premature ambulation in postoperative period. Symptoms such as restlessness, confusion, 
depression, crying, sobbing, and delirium occurred in about 1.3% (20/1580). One patient injured himself postopera- 
tively by picking at his incision. Hallucinations were present in about 1% (14/1580) of patients. and were visual and 
self-limiting. An occasional patient complained of dizziness, diplopia and/or blurred vision. Depressed hearing was 
infrequently reported during peak effect period. An occasional patient had prolonged recovery room stay, because 
of excessive sleepiness or some form of inappropriate behavior (latter seen most commonly when scopaiamine 
given concomitantly as premedicant). Limited information from patients discharged day after receiving injectable 
lorazepam showed one patient complained of some unsteadiness of gait and reduced ability to perform complex 
mental functions, Enhanced sensitivity to alcoholic beverages was reported more than 24 hours after injectable 
lorazepam, similar to experience with other benzodiazepines. 

Local Effects: IM lorazepam resulted in pain at injection site, a sensation of burning, or observed redness in the 
Same area in a very variable incidence trom one study to another, Overall incidence of pain and burning was about 
17% (146/859) in immediate postinjection period, and about 1.4% (12/859) at 24-hour observation time. Reactions 
al nection site (redness) occurred in about 2% (17/859) in immediate postinjection period, and were present 24 
hours fater in about 0.8% (7/859). IV lorazepam resulted in pain in 13/771 patients or about 1.6% immediately post- 
injection and 24 hours later 4/771 patients or about 0.5% still complained of pain. Redness did not occur immedi- 
ately post lV but was noted in 19/771 patients at 24-hour period {incidence is similar to that observed with IV 
infusion before lorazepam was given). 

Cardiovascular System: Hypertension (0.1%) and hypotension (0.1%) were occasionally observed after patients 
received injectable lorazepam. 

Respiratory System: Five patients (5/446) who underwent regional anesthesia were observed to have partial 
airway obstruction. This was believed due to excessive sleepiness at time of procedure, and resulted in temporary 
underventilation. immediate attention to the airway, employing usual countermeasures, will usually suffice to man- 
age this (see also CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS}. 

Other Adverse Experiences: Skin rash, nausea and vomiting were occasionally noted in patients who received 
injectable lorazepam with other drugs during anesthesia and surgery. 

DRUG ABUSE AND DEPENDENCE: As with other benzodiazepines, lorazepam injection has a low potential for 
abuse and may lead to limited dependence. Although there are no such clinical data for injectable lorazepam, 
repeated doses over prolonged period of time may result in limited physical and psychological dependence. 
OVERDOSAGE: Overdosage of benzodiazepines is usually manifested by varying degrees of CNS depression rang- 
ing from drowsiness to coma. in mild cases symptoms include drowsiness, mental contusion and lethargy: in more 
Serious Cases ataxia, hypotonia, hypotension, hypnosis, stages one to three coma, and very rarely death. Treat- 
ment of overdosage is mainly supportive until drug is eliminated. Carefully monitor vital signs and fluid balance. 
Maintain adequate airway and assist respiration as needed. With normally functioning kidneys, forced diuresis 
with intravenous fluids and electrolytes may accelerate elimination of benzodiazepines. in addition, osmotic diu- 
retics Such as mannitol may be effective as adjunctive measures. in more critical situations, renaj dialysis and 
exchange blood transfusions may be indicated. Published reports indicate that IV infusion of 0.5 to 4 mg physostig- 
mine at rate of 1mg/minute may reverse symptoms and signs suggestive of central anticholinergic overdose (con- 
fusion, memory disturbance, visual disturbances, hallucinations, delirium}. however, hazards associated with 
physostigmine (i.e., induction of seizures} should be weighed against possible clinical benefit 

DOSAGE AND ADMINISTRATION: Parenteral drug products should be inspected visually for particulate matter 
and discoloration prior to administration whenever solution and container permit. Do not use if solution is discol- 
ored or contains a precipitate, 

Intramuscular injection: For designated indications as premedicant, usual IM dose of lorazepam is 0.05 mg/kg 
up to maximum of 4 mg. As with all premedicants, individualize dose. (See also CLINICAL PHARMACOLOGY, WARN- 
INGS, PRECAUTIONS, and ADVERSE REACTIONS. } Doses of other CNS depressants should ordinarily be reduced. 
(See PRECAUTIONS. } For optimum effect, measured as lack of recall, administer lorazepam iM at least 2 hours 
before anticipated operative procedure. Administer narcotic analgesics at usual preoperative time. There are 
insufficient efficacy data to make dosage recommendations for IM forazepam in patients under 18 years: therefore, 
such use is not recommended. 

intravenous injection: For the primary purpose of sedation and reliet of anxiety, usual recommended initial IV 
dose of lorazepam is 2 mg total, or 0.02 mg/ib (0.044 mg/kg), whichever is smaller. This dose will suffice for sedat- 
ing most adults, and should not ordinarily be exceeded in patients over 50 years. In patients in whom greater tikeli- 
hood of lack of recall for perioperative events would be beneficial, larger doses—as high as 0.05 mg/kg up to total 
of 4 mg~—may de given. (See CLINICAL PHARMACOLOGY, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS.) 
Doses of other injectable CNS depressants should ordinarily be reduced. (See PRECAUTIONS. } For optimum effect 
measured as lack of recall, IV lorazepam shouid be administered 15-20 minutes before anticipated operative pro- 
cedure. EQUIPMENT NECESSARY TO MAINTAIN A PATENT AIRWAY SHOULD BE IMMEDIATELY AVAILABLE PRIOR TO 
IV USE OF LORAZEPAM (see WARNINGS). There are insufficient efficacy data to make dosage recommendations tor 
V lorazepam in patients under 18 years; therefore, such use is not recommended. 

Administration: When given iM, lorazepam injection, undiluted, should be injected deep in muscie mass. inject- 
able lorazepam can be used with atropine sulfate, narcotic analgesics, other parenterally used analgesics, com- 
monly used anesthetics, and muscle relaxants. Immediately prior to IV use, lorazepam injection must be diluted 
with an equal volume of compatible solution. When properly diluted the drug may be injected directly into a vein or 
ints the tubing of an existing IV infusion. Rate of injection should not exceed 2.0 mg per minute. Lorazepam injection 
is compatible for dilution purposes with: Sterile Water for injection, USP. Sodium Chloride injection, USP. 5% Dex- 
trose injection, USP. 

HOW SUPPLIED: Ativan” (iorazepam) injection, Wyeth, is available in muftiple-dose vials and in TUBEX® Sterile 
Cartridge-Needie Units. 

2 mg/ml, NDC 0008-0581; 10 ml vial and tmi fill in 2 ml TUBEX, 

4mg/ml, NDC 0008-0570: 10 mi vial and tmi fill in 2m! TUBEX. 

For IM or IV injection. 

Protect from light. Keep in refrigerator. 

Directions for Dilution for IY Use: To dilute, adhere to following procedure: For TUBEX—(1) Extrude entire 
amount of air in half-filled TUBEX. (2} Slowly aspirate desired volume of diluent, (3) Pull back slightly on plunger to 
provide additional mixing space. (4) immediately mix contents thoroughly by gently inverting TUBEX repeatedly 
until homogenous solution results. Do not shake vigorously, as this witi result in air entrapment. For Vial~Aspirate 
desired amount of lorazepam injection into syringe. Then proceed as described under TUBEX. 


Wyeth Laboratories 


Philadelphia, PA 19101 
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You probably already use a disposable 
circuit. Perhaps disposable filters and 
tracheal tubes, too. So why not com- 
plete your infection control program with 
the Ohio Disposable Anesthesia 
Breathing Mask. 


Especially when the Ohio Disposable 
AMi nache helos UOL OLN DALON 


infection. And contributes to your insight 
into your patient's status. 


See-through patient monitoring. 


The Ohio Disposable Mask is transpar- 
ent. It maximizes visual access to your 
patient. 


You instantly see expelled foreign mat- 
ter in the mask. So you can take fast, 
corrective measures to prevent aspira- 
tion and assure airway patency. 


By monitoring lip color and watching the 
formation of condensation on this trans- 
parent mask, you can get a better grasp 
of your patient's clinical status. You view 
clouding and clearing of the cone with 
each breath. And you study lip color to 
analyze both temperature and relative 
oxygen perfusion. 


Single-use convenience. 


Use the Ohio Disposable Mask once... 


and simply throw it away. Then, you 
dant evr t NOE A ahout Uo of ficionmt 


cleaning and sterilization. Or that the 
mask might pick up pathogens prior to 
use. 


Gently conforms to your 
patient’s face. 


The Ohio Disposable Mask is available 
in three sizes to fit a wide variety of facial 
features. 


The soft, malleable cushion holds its 
shape to help provide a tight seal and 
minimize facial marking. And the shape 
of the cone makes holding the mask 
easier, less tiresome for you. 


Call your Ohio representative today. And 
find out how this new disposable mask 
makes a clear-cut contribution to your 
infection control program. 


DRIO Medical Products 


A Division ot Airco. Inc 
3030 Aırco Drive, P O Box 7550, Madison, Wisconsin 53707 
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Now, from ASTRA, 
the anesthetic of choice, in the 
only kit that gives you a choice 


Introducing the 


DUO-IRACH 


Deliversthe _ 
laryngotracheal 
anesinetic of choice, 
Xylocaine the original 
Iaocane HCI solution 


LI The Xylocaine name is your assurance of 
quality and effectiveness. 


Lets you choose 
the intraoral or 
transtracheal route 
of administration 


O The anatomically curved cannula 10 iets ATOP i 

provided, conveniently allows administra- lels Sie Sage 

tion via the intraoral approach n EIS Sey POSUN COU COV 
j ® jets evenly positioned for full 


O For transtracheal injection, simply discard — coverage of larynx and trachea 





the cannula and attach the needle of your Guide mark ` 
choice. Most needles adapt themselves e d convenient indicator for 
readily to the luer fitting. proper positioning during ae 


Terminal jet 
e covers tache ~ —_— 
bronchial junction | 







A sterile, disposable, 
prefilled syringe and cannula kit 
for convenient laryngotracheal 
anesthesia prior to intubation, 


diagnosis, surgery. 




















P, 25% more drug than other kits” 
è contains 5ml Xylocaine” (lidocaine HC) 4% Solution 
to allow for greater range of dosage determination 


Calibrated barrel 


$ marked in 1/2 ml increments to aid in 
proper dose determination and accuracy of 
drug delivery 


Prefilled syringe 
è totally sterile and self-contained 
® no vial to insert, no risk of contamination 


Hub guard 
è a simple twist 
quickly activates 
the syringe and 
readies the unit IA 
r for attachment 
of cannula or 
needle 





Safety strap 
A ta © an extra precaution 
against inadvertent 
cannula 
disengagement 


FA. 
Separate syringe unit 
_aftéts you choose either intraoral or 
/ ~ transtracheal routes of administration 
¿șa at your discretion 


Cannula 


e anatomically curved to facilitate 
introduction into larynx and trachea. 


$ easily attaches to syringe, virtually 
no assembly time 


* Although absorption of lidocaine from respiratory mucosa 
varies widely among individuals, blood concentrations 
achieved by this route can rise to levels comparable to 
those reached by similar doses infused intravenously, and 
in some cases.almost as rapidly!?? 
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. Bromage P: Concentrations of lidocaine in the blood 
after intravenous and endotracheal administration. 
Anaesthesia, 16:461, 1961 

. Chu S: Plasma concentration of lidocaine after endotra- 
cheal spray. Anesth. Analg., 54:438, 1975. 

. Pelton D: Plasma lidocaine concentrations following 
topical aerosol application to the trachea and bronchi. 
Canad. Anaesth. Soc. J., 17:250, 1970. 
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(Piease see following page for a brief summary of prescribing information.) 
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3 ® firmly secures 
needle or cannula 
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Astra Pharmaceutical Products, Inc. 
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. -Xylocaine:. 
{lidocaine hydrochloride) 


< 4% Sterile Solution 


Before prescribing or ociministering. piease consult complete product infor- 
mation, o summary of which follows: i 


CONTRAINDICATIONS: Lidocalne hydrochloride stelle solution fs contraindl- 
. .cated In pattents with a known history of hypensensittity either to local anes- 
theatics of the amide type or to other components of the sterile solution. 


PRECAUTIONS: The safety and effectiveness of Ikdocalne hydrochiornde 
depend on proper dosage, correct technique, uate precautions, and 
readiness for emergencies. Standard textbooks should be consulted for spe- 
cific techniques and precautions for various anesthetic procedures. 


The lowest dosage thot results in effective anesthesia should be used. nee: 
tion of repeated doses of lidocaine hydrochloride may cause significant ` 

. Increases in blood. leveis with each repeated dose due to dow accumulo- 
ton of the d or its metabolites. Tolerance varies with the status of the 
patient, Debilitated, elderly patients, acutely fl patients, and chidren 
should be given reduced doses commensurate with their age and physical 
status, Udocaine hydrochloride should also be used with caution in patients 
with severe shock or heart block. 


As with all Injections of local anesthetics, retrobulbar Injection should always 
be made slowly and with frequent aspirations. 


Solutions to which a vasoconstrictor has been added should be used with 
caution in the presence of diseases which may adversely affect the patient's 
cardiovascular system, Serious cardiac arhythmias occur f prepara- 
tions containing a vasoconstrictor are employed In patients during or 
following the administration of chloroform, halothane, cyclopropane, tich- 
lorettyiene, or other related agents. 


Lidocalne hydrochionde should be used with caution in persons with known 

drag sensitivities. Patients allergic to para-aminobenzoic acid derivatives 

pocan, ie rocana, benzocalne, etc.) have not shown cross sensitivity to 
ocaine f : 


Local anesthetics react with certain metals and cause the release of thelr 
respective bons which, If Injected, may cause severe local irritation. Ade- 
quate precaution should be taken fo avold thk type of Interaction. 


The safety of amide loca! anesthetics in patients with malignant hyperther- 
. mia has not been assessed, and therefore, those agents should be used with 
caution in such patients. 


Drowsiness following lidocaine hydrochloride Injection Is usually an early Indi- 
cation of a high blood level of the drug and may occur following Inadver- 
tant intravascular administration or absorption of lidocaine. 


ADVERSE REACTIONS: Adverse reactions may result from high lasma levels 
due to excessive dosage, rapld absorption or Inadvertent Intravascular 
Injection. Such reactions are systemic:In nature and Involve the central ner- 
vous sysfem and/or the cardiovascular system. A smal! number of reactions 
may result from hypersensitivity. idiosyncrasy or diminished folerance on the 
part of the patient. 


CNS reactions are excitatory and/or depressant, and may be characterized 
by nervousness, dizziness, blurred vision and tremors, followed by drowsiness, 
convulsions, unconsciousness and possibly respiratory arrest. The excitatory 
reactions may be very bref or may not occur at all, in which case the first 
manifestations. of toxicity may be drowsiness, merging Info unconsclousness 
and resplratory arrest. 
Toxte cardiovascular reactions to local anesthetics are usually depressant in 
ture and are characterized by hypotension, myocardial depression, bra- 
dycardia and possibly cardiac arrest. 
Treatment of a patient with toxic manifestations consists of assuring and 
maintaining a ent airway, supporting ventiiation with en, ond 
assisted or controlled ventiation {respiration as required. usudily wil be 
sufficient In the management of most reactions. Should a convulsion persist 
despite ventilation therapy, smali increments of anticonvulsive agent: may 
be given intravenously. Examples of such agents Include benzodiazepine 
e.g.. diazepam), ultrashort acting barbiturates (6.g., thiopental or thiamy- 
ora short acting barbiturate (e.g., pentobarbital or secobarbital). Car- 
clovascular depression may require circulatory assistance with Intravenous 
fuos and/or vasopresson (0.g., ephedrine) as dictated by the clinical sttuc- 
on. 


Alteorgic reactions may occur as a result of sensitivity atther to local anesthet- 

lcs oF fo other components of the sterile solution. Anaphytoctoid 

tormatobogy and reactions, characterized by cutaneous lesions, urticaric, 
edema, should be managed by conventional means. The detection of 

. potential sensitivity by skin testing is of ilmited value. 

HOW SUPPLIED: Xylocaine [lidocalne hydrochloride) 4% Sterile Solution: 


5 ml ampule, package of 10; 5 m! prefilled sterile disposable syringe. 
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ADDRESS CHANGE NOTICE . 


International Anesthesia Research Society 
3645 Warrensville Center Road 
Cleveland, Ohio 44122 


Please change my mail address for ANESTHESIA and 
ANALGESIA, effective 





From— (Current or former address) 


Street Address 


City, State, Zip Code 


Important: Show your name and address exactly as 
your Journal is now addressed. 


To—(New Address) 


Street Address 


City, State, Zip Code 


Print Your Name 


now LAER 
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Resuscitators 


New materials - resilient silicone and transparent 
polysulfone - provide unsurpassed resistance to 
temperature extremes, chemicals and aging. 
New masks, new swivel type mask connector, 
new snap-on couplings are also important 
improvements. 


LAERDAL MEDICAL CORPORATION 


ONE LABRIOLA COURT, ARMONK N.Y. 10504 


in Canada Safety Supply Co. Toronto. Ont Branches Coast-to-Coast 
Manufacturers of Resusci Anne Ħ Recording Anne Ħ Arrhythmia Anne « Intubation Training 


Models . Adult and Infant Bag Mask Resuscitators « Emergency Aspirators 


Easier and less expensive to clean. Use an 
common decontamination method. 

Autoclave up to 136°C (277°F), boil, pasteuriz 
ETO or cold sterilize. Again and again witho 
deterioration. 

Unparalleled useful life. 


for newborn incluc 
premature and infants 
up to 2 years. 
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INDUCTION 


CALM THE APPREHENSION 
WITHIN MINUTES WITH INJECTABLE 
VALIUM (diazepamoche) I.V. 


You've seen the signs of anxiety hundreds of times. Palpi- 
tations. Tremulousness. Diaphoresis. Hyperventilation. 
Ordinary patients about to undergo an extraordinary 
ordeal: the physical and emotional traumas of neuro- 
muscular blockade, anesthesia and surgery. 

When you administer an antianxiety agent to these 
patients just before the procedure, you want a prompt, 
predictable anxiolytic response. And that is exactly 
what you achieve with Injectable Valium (diazepam/ 
Roche) LV. 

Usually within three minutes, patients grow notice- 
ably calmer atter an intravenous injection of Valium. !2 
In most instances the patient falls into a light sleep, 

yet can still be easily aroused to respond to your 
instructions. This allows you to proceed directly with 
intubation, neuromuscular blockade and/or anesthesia. 
Other anxiolytics lack the rapid action of Injectable 
Valium IV., and may take up to 20 minutes or more to 
produce adequate sedation—a long time to wait 
before beginning the procedure. The rapid sedative 
action of Injectable Valium IV gives you the control 
you need in the critical minutes before intubation. 
Dosages of concomitantly administered narcotic anal- 
gesics should be reduced by at least one-third and 
administered in small increments. In some cases, the 
use of a narcotic may not be necessary. 


Ready to use—needs no reconstitution or refrigera- 
tion In further contrast to other injectable anxiolytics, 
which may require dilution before being used, Injectable 
Valium IV. needs no reconstitution. Do not mix or 
dilute Valium with other drugs or solutions in syringe or 
infusion flask; administer slowly directly into a large 
vein, or inject slowly through the infusion tubing as close 
as possible to the vein insertion site. Take at least one 
minute for each 5 mg (1 ml). 

During storage, there is no need to refrigerate 
Injectable Valium—another advantage over other 
injectable agents. 


DIMINISH RECALL OF THE PROCEDURE 
WITH INJECTABLE VALIUM (diazepam/Roche) I.V. 


Recall of endotracheal intubation or other psychologi- 
cally disturbing events associated with anesthetic induc- 
tion and surgery can be largely prevented with 
Injectable Valium IV. 





ANXIETY OF 


A survey of the literature shows that 2586 of 2707 
patients (95% ) had partial or total lack of recall when 
Injectable Valium (diazepam/Roche) IV was 

given as premedication for procedures in cardiac 

and plastic surgery, fracture reductions, gynecologic 
surgery, oral surgery and ophthalmic surgery 

The anterograde amnesia produced after an 
intravenous injection of Valiurn usually begins to take 
effect within three minutes, peaks within 10 minutes and 
persists for 20 io 60 minutes.2.4? 


Minimal effect on cardiac and respiratory function 
A review of published reports involving more than 
12,000 patients administered Injectable Valium—includ- 
ing patients with coronary artery disease—shows that 
clinically significant blood pressure changes, alterations 
in basal circulatory parameters or increased incidence 
of hypotension, tachycardia or bradycardia are rare 
when recommended procedures for dosage and 
administration are followed. Clinically significant respi- 
ratory depression is also rare with Injectable Valium IV 
in subjects without respiratory disease (0.3% incidence 
in more than 12,000 patients).* 

Facilities for respiratory assistance, however should 

be readily available. When administering Injectable 
Valium LV. to the elderly, to very ill patients or to patients 
with limited pulmonary reserve, lower doses (usually 

2 mg to 5 mg) and slow increase in dosage should be 
used because of the possibility that apnea and/or car- 
diac arrest may occur Concomitant use of barbiturates 
or other CNS depressants increases depression with 
increased risk of apnea. As with most CNS-acting drugs, 
patients should be cautioned against drinking alcohol 
or operating hazardous machinery 

so when anxiety mounts in the face of induction, choose 
the IV agent with a rapid. predictable anxiolyic effect.. 


RAPIDLY AND 
PREDICTABLY 
CALMED WITH 


INJECTABLE 
VALIUM IV 


(diazepam /Roche) @ 


Ready-to-use, 2-ml Tel-E-Ject® disposable syringes 5 mami 
| 2-ml ampuls, 10-ml vials | ° ™9/™ 








see nex! page for references and summary ol product inforrnation. 


Copyright © 1982 by Hoftmann-La Roche Inc. All rights reserved. 
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INJECTABLE VALIUM <iazepam /Roche)WV 


Heras consult complete product information, a summary of which 
ollows: 
Indications: Management of anxiety disorders, or short-term relief of symp- 
toms of anxiety. Anxiety or tension associated with the stress of everyday life 
usually does not require treatment with an anxiolytic. Symptomatic rehet of 
acute agitation, tremor, impending or acute delirium tremens and hailucinosis 
due to acute alcoho! withdrawal: adjunctively in: relief of skeletal muscle 
spasm due to reflex spasm to local pathology: spasticity caused by upper 
motor neuron disorders: athetosis, stiff-man syndrome, tetanus; status epilep- 
ticus, severe recurrent seizures: adjunctively in anxiety, tension or acute 
stress reactions prior to endoscopic/surgical procedures; cardioversion 
Contraindications: Hypersensitivity, acute narrow angie glaucoma, may be 
used in patients with open angle glaucoma receiving appropriate therapy. 
Warnings: To reduce the possibility of venous thrombosis, phlebitis, local 
irritation, swelling, and, rarely, vascular impairment when used LV. inject 
slowly, taking at least one minute for each 5 mg (1 mi) given, do not use small 
veins, ie, dorsum of hand or wrist; use extreme care to avoid intra-arterial 
administration or extravasation. Do not mix or dilute Valium with other solu- 
tions or drugs in syringe or infusion flask. If it is not feasible to administer 
Valium directly IV. it may be injected slowly through the infusion tubing as 
close as possible to the vein insertion. 
Administer with extreme care to elderly, very ili, those with limited pulmonary 
reserve because of possibility of apnea and/or cardiac arrest, concomitant 
use of barbiturates, alcohol or other CNS depressants increases depression 
with increased risk of apnea, have resuscitative facilites available. When 
used with narcotic analgesic, eliminate or reduce narcotic dosage at least ‘A, 
administer in small increments. Should not be administered to patients in 
shock, coma. acute alcoholic intoxication with depression of vital signs. As 
with most CNS-acting drugs. caution against hazardous occupations requir- 
ing complete mental alertness (e.g., operating machinery, driving) 
Has precipitated tonic status epilepticus in patients treated for petit mal sta- 
tus or petit mal variant status. 
Withdrawal symptoms similar to those with barbiturates and alcoho! have 
been observed with abrupt discontinuation after long use of excessive doses. 
infrequently, milder withdrawal symptoms have been reported following 
abrupt discontinuation of benzodiazepines after long. continuous use at high 
therapeutic levels. After extended therapy, gradually taper dosage 

Usage in Pregnancy: Use of minor tranquilizers during first trimes- 

ter should almost always be avoided because of increased risk of 

congenital malformations, as suggested in several studies. Con- 

sider possibility of pregnancy when instituting therapy; advise 

patients to discuss therapy if they intend to or do become 

pregnant. 
Not recammended for OB use 
Efficacy/satety not established in neonates (age 30 days or less), prolonged 
CNS depression observed. in children, give slowly (up to 0.25 mg/kg over 3 
minutes) to avoid apnea or prolonged somnolence, can be repeated after 15 
to 30 minutes. If no relief after third administration, appropriate adjunctive 
therapy is recommended. 
Precautions: Although promptly controlled. seizures may return. re-adminis- 
ter if necessary. not recommended for long-term maintenance therapy. 
if combined with other psychotropics or anticonvulsants, carefully consider 
individual pharmacologic effects—particularly with known compounds which 
may potentiate action of Valium (diazepam/Roche). i.e., phenothiazines, nar- 
cotics, barbiturates, MAO inhibitors, antidepressants. Protective measures 
indicated in highly anxious patients with accompanying depression who may 
have suicidal tendencies. Observe usual precautions in impaired hepatic 
function, avoid accumulation in patients with compromised kidney function. 
Laryngospasm/increased cough reflex are possible during peroral endo- 
scopic procedures, use topical anesthetic, have necessary countermeasures 
available. Hypotension or muscular weakness possible, particularly when 
used with narcotics, barbiturates or alcohol. Use ower doses (2 to 5 mq) for 
eldenydebilitated. 
The clearance of Valium and certain other benzodiazepines can be delayed 
in association with Tagamet (cimetidine) administration. The clinicai signift- 
cance of this is unclear 


Adverse Reactions: Drowsiness, fatigue, ataxia, venous thrombosis/phiebitis 
at injection site, confusion, depression, dysarthria, headache, hypoactivity, 
slurred speech, syncope, tremor, vertigo, constipation, nausea, incontinence, 
changes in libido, urinary retention, bradycardia, cardiovascular collapse, 
hypotension, blurred vision, diplopia, nystagmus, urticaria, skin rash, hic- 
cups, changes in salivation, neutropenia, jaundice. Paradoxical reactions 
such as acute hyperexcited states, anxiety, hallucinations, increased muscle 
spasticity, insomnia, rage, sleep disturbances, stimulation have been 
reported. should these occur, discontinue drug. Cough, depressed respira- 
ton, dyspnea, hyperventilation, laryngospasm/pain in throat and chest have 
been reported in peroral endoscopic procedures. Isolated reports of neutro- 
pema, jaundice; periodic blood counts, liver function tests advisable during 
long-term therapy. Minor EEG changes, usually low-voltage fast activity, of no 
known significance. 

Dosage: Usual initial dose in older children and adults is 2 to 20 mq LM. or 
IV, depending on indication and severity. Larger doses may be required in 
some conditions (tetanus). in acute conditions injection may be repeated 
within 1 hour, although interval of 3 to 4 hours is usually satisfactory. Lower 
doses (usually 2 to 5 mg) with slow dosage increase for elderly or debilitated 
patients and when sedative drugs are added. (See Warnings and Adverse 
Reactions.) 

For dosages in infants and children see below: have resuscitative facilities 
available 

LM. use. by deep injection into the muscle. 

LV use: inject slowly, take at least one minute for each 5 mg (1 mi) given. Do 
not use small veins, i.e., dorsum of hand or wrist. Use extreme care to avoid 
intra-arterial administration or extravasation. Do not mix or dilute Valium with 
other solutions or drugs in syringe or infusion flask. If itis not feasible to 
administer Valium directly IV., it may be injected slowly through the infusion 
tubing as Close as possibile to the vein insertion. 

Moderate anxiety disorders and symptoms of anxiety, 2 to 5 mg LM. or iV 
and severe anxiety disorders and symptoms of anxiety, 5 to 10 mg LM. or iV, 
repeat in 3 to 4 hours if necessary: acute alcohol withdrawal, 10 mg ILM. or 
LV initially, then 5 to 10 mg in 3 to 4 hours if necessary. Muscle spasm, in 
adults, 5 to 10 mg LM. or IV initially, then 5 to 10 mg in 3 to 4 hours if 
necessary (tetanus may require larger doses): in children, administer IV. 
slowly; for tetanus in infants over 30 days of age. 1 to 2 mg I.M. or LV, repeat 
every 3 to 4 hours if necessary: in children 5 years or older, Sto 10 mg 
Paa every 3 to 4 hours as needed, Respiratory assistance should be 
available. 


helpful. 

in endoscopic procedures, titrate LV. dosage to desired sedative response, 
generally 10 mg or less but up to 20 mg (if narcotics are omitted) immediately 
prior to procedure. if LV cannot be used, 5 to 10 mg LM. approximately 30 
minutes prior to procedure. As preoperative medication, 10 mg 1M. in car- 
dioversion, 5 to 15 mg LV within 5 to 10 minutes prior to procedure. Once 
acute symptomatology has been properly controlled with injectable form, 
patient may be placed on oral form if further treatment is required. 


Management of Overdosage: Manifestations include somnolence, confu- 
sion, Coma, diminished reflexes. Monitor respiration, pulse, blood pressure: 
employ general supportive measures, LV. fluids, adequate airway. Hypoten- 
sion may be combated by the use of levarterenal or metaraminol. Dialysis is 
of limited value. 

Supplied: Ampuis, 2 mi. boxes of 10: Vials. 10 mi, boxes of 1, Tel-E-Ject* 
(disposable syringes), 2 ml, boxes of 10. Each mi contains 5 mg diazepam 
compounded with 40% propylene glycol, 10% ethyl alcohol, 5% sodium ben- 
zoate and benzoic acid as buffers, and 1.5% benzy! alcohol as preservative. 
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For one of 
medicine’s most 
demanding skills... 
one of medicine’s 
most dependable 
agents 
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precise control ...stability of heart rhythm.. 
reduced relaxant requirement... prompt, smooth recovery 
. -organ toxicity rare or nonexistent 
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For comple information, please see following page 


Ahr gne enflurane 


CAUTION. Fecke) Law Protubets Daponrsng wathout a Preecripkon, 
DESCRIPTION 


ETHRANE fendiurane} (2-chioro 1, 1 2dioroeliad diuorometyi aia) (CHEZ0CF2CHACS n a nonfienrneble rhalation 
snestihakt agent, The point a &B5°C et 780 ram Ho. and the vapor presmuve tren Fig} a 175 at 20°C, 
218 at 23°C, arnt 346 af 36°C. Vapor prowmses can De calculated using the equarberc 


ogo = A+ BT <A = 7.087 
B= — WA 
T = °C + 27316 Kan) 

The apecii: gravity (25°/25*CHe 1617. The retracts index at 20"C je 13028-13000. The bioodiges cosficart 
ie 1.91 at 37°C eed the aloes cosficient k 305 at FC. 

Enfiurane = 2 cies, colorless, stable quid whoee purity esoecds 93.9 percent (ares % by ges Chromatography} 
No stabaicers eve ackied as theese heave beer found, Twough controled ieborsiory nats, be unnecessary ever: 
n fhe presence of uino sori. Enfiurane a sisble io strong bese aki does not decornpose in contact vaih 
soda kme ard dows not react wih tkaninu, lin, brass, ron of Coppa, The perthon cosliciente of onfurane al 
28°C we 74 in conducive rubber end 120 ih poling chloride. 


CLINICAL PHARMACOLOGY 
ETHRANE fenfurane) a an inheieton enesthebo. The MAC (minum alvecier conceniraton) in mene 1 68 percer 
in pure agen, 6 87 in 70 percent nous odde—30 percent oxygen, and 1.17 n 30 percent nitrous cade —70 


percan oxygen. 
induction and recovery bom ansethesia mih erdurane are mpi Enturane has a mki, sweet odor, Enisane 
tracheobronchial aecrefians. Pharyngeal and wryngeti refenes are 


readdy obtunced, The level of anesthewa can be changed rapidly by the Inepeec enfiurans concentration =. 
Endure reduces vertation as depth of incroates, levels can ba obtained at deeper 
levels of aceethwele i veniiakon is not eupported. Endurane provokes a sigh response remiecent of that essen 
wath detri ether, 


Thare n a decease In blood pressure wiih inducton of anesthewe, followed by a mium to ner nosed wath 
aU Eiraan. Progeanane irersades bs daca ol areata proce increased n hypotension 
Heert rate rarnana toleivety Constant wibo signillicant bradycardia. monitoring or recordange 
kaceke tal cence rhythm remeine stable, Eleveiion of the carbon daade level in arteca! bioad dose nc! aller 
Carchec iy. 

Stucke n man recate a Conmcersibie merge of pelety n the adrnnisinelion of epinephrine contening ecalubors 
Gunng enfurer: ancethesia. Endiurans enevihesie has been used in acidon of pheochromocytoma in man without 
ventncula: rhy fire. On the beets of stuckes in parents anesthetized wih endurane and injected vaih epinephans 

wohin to achieve hemosteies In a haghhy veeculer ares (itanesphencictal surgery), K ie recommended 
aa OE Sean ens PAY Ee Hes eee Ove EONIA eS 


ee ee Da TAE anano 
to epnaphiene actninsstraton. 


concorattant 
erkxane aneethenie. This effect of idocting is dose relaied Aa comicreiny ereces Mona he via A accracicie: 
substences shoud be obeerved. 
Erare Two: Almernattvety, up to 20 mi of 1:200,000 epnephnra currteining solubon (5 «grat mey be subshi tied 
for 90 mi of 1:900,000 saukon in the above 
Ses renee Ay be SORAI te ole ee eras eee Musche retucantas 
mary be used to acheva Sere ne re ce used Eco pelncents are Competiie vaih enfucane 
The TED in the normal 70 kg scul, 8 to 9 mg of d 


INDICATIONS AND USAGE 
ETHRANE (enturane} may be used for inducton and maintenance of acectucia Enkxans may be used 
to provide ermigposia for Geivery Low concerirafore o! antura tees DOSAGE AND ADMINSTRA 


cabbrated vaponzera wko mattus output 
wih reasonable sccuracy ehould be used. Hypotension and exchange can serve se n guide to depth 
of anesthesia. Deep avais of anesthene mey produce merkad hypotension and reepiratory depression. 


PRECAUTIONS 
The acion of pondepoleriang koanta is mugrecciad by ETHRANE ardhsene), Less tien tha aval amounts of 
These drupe Raki be used E the usual anouda selaccands 
ess Da AAA Gas nats wal be E fh ha Br A itis Ban vas Geo ee 
postopersinvaly 
Gurpery ence erecthaeia (5 bo 7 hours) n humen vokrrieers dose not reauit n @ievation. There $ 


chabeto patente Enfurane should be used vith cauton in patients who by virus of mecical or deug hasiory could 
be considered mare susceptible to Cortical stimukefion produced by thie drug. 
in mekess, ancethesa 


suscopte enturane mary a skeletal inuacle vade leach to 
tagh demani and the cnca poorne khoan a2 hypertheore The syncecee inches 
femtures such 22 truecie dagiity, and unsieble binod paetae {R 
shoud sto be noted that many of thee Try appeat wih aneren, ects wx 
The syrxiromnea of secondary iO ariiraa sppeers iG De care: Dy March T cass 
hed been mportati America bor an sppewamste incidence af anesthebcs ) An increete 
in overal matahokern be reflected in an elevated bemperature (which may mee amiy or inte In fhe 


See ICR oc were entizane to deere wheter euch exposure moh ree neopises, Eniras 
wan groan pi i, 1. and G2 MAC MAG for four mruterc esposuree ard for 24 exposures fo ihe pupe during the frst 
rene weeka of bbe The mice were hed al 18 months of age. The incidence of iumon n these mice wes ihe 
same A: Lnitenied camo mice who were geen the seme beck pouncd but nel the anesthetic 
Exposure of mics to 20 hours of 12 percent endurane cauman n saii (about i of 1%) but statetionly ssgniicant 
Increase Nn spec aboonnelbes. in contrat to these reeula. m wwo approeches to the study of mutagenesis 
ae Oe E EOS Cee ENE 1S Pee eee Syren Nee ot Bron Ale eet 
Preguancy Category E: 
saria heave Dean performed n rate and rabbits a? dates up io fou times the hunan dose and 
eve ruai 90 evidence of impared fexthty of heen to the fetus dus io endisane There wea, however, no 
adequate end wed conisofied skes in pregnant women Because animai reproducton st.cbes are not siryt 
Dredkctwe of hunen seeponme, thee dug shouid be used dunng pregnancy oriy f clearly neectect. 


ADVERSE REACTIONS 


2 Motor exempidied by movernents of muects Groupe and/or secures may be encountered wath 
deep levels of fendurans} or ight fevets with 
Hypotension and depresson have 


5 Eraio of the white blood count hes been observed. 


OVERDOSAGE 


In the event of cendoeage, the folloming acon ehould be tekeer 
Stop drug acinivestration, eatabkeh a cheer sirvary end inibais sewed or controlled venti bon wath pure oygen. 


DOSAGE AND ADMINISTRATION 
The coc eo ol ETTAN anarai) bang sabres Vona vabita ding aastana Mink be tee 
umng 


Prareathot 
paitani, mony into account that secariona are weeldy simulated! by enfurane and hei enficane does not aller 
heart rate. The use of enbcholinergec a matter of chose. 
Surgical Anesthesia: Induction may be echerred using enfurane sione with oxygen o n combinaéon wath 


Cary eres 
be eroded. & hyonesc dose of a shortectng berbdurate shoud be used to rcce uncomciuenass, followed 
ea h general, rageed concenueions of 20-45 percent andurans prockce auegical anesthe 
n 7-30 nio 
ws of anesthees may be mextained wth 05-3 percent erkrane, MMairierance concentrators 
not exceed 3 percent. E sided rekmcation s required, supplenantsl doses of muscle mitanta may be 
used Vertabon io mentan the kangin of carbon dadde m armai blood In the 35-45 mm Hy nunge m prefaced. 
hadd be evaded in order to minimize poselbs CNS eomtaton 


HOW SUPPLIED 
ETHRANE (orana) a packaged in 125 and 250 mi amber-colored boitas 
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A Drisian of Airco. Inc 
2005 West Beltline Highway, Madison. Wisconsin 53713 
608-221-1551 TELEX 910-286-2792 


Only one 
- premedicant does 
so many things 
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= Provides prompt 


tranquilization 
= Inhibits emesis during 
A PROFILE OF CHARACTERISTICS 
and after surgery UNMATCHED BY ANY OTHER SINGLE AGENT 
= Contributes to (penaa | Diazepam | Lorazepam Hie 









cardiovascular stability 


Unique among premedicants, 

¢ INAPSINE* (droperidol) provides 
vasodilation and mild alpha-adrenergic 
blocking effects which can help protect 
against undue hypertensive reactions and 
changes in heart rate. 
Troublesome hypotension is unlikely in the 
absence of hypovolemia. Has little or no 
adverse effect on the heart or circulation. 


m= Reduces the need for 
postoperative narcotics 


n ©) Janssen Pharmaceutica Inc. 1982 JP1-25¢ 


Class of 


T Minor 
tranquilizer 


Minor 


l6 hrs. 
No No Mild 
cant 
| À j 
YES Yes (IM as No 


YES No 






Elimination 


57. 5 
half-life 21-37 hrs. 










Antiemetic 
activity 






Alpha-adrenergic 
blockade 


May be used both 
IM and IV 
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Less pain on 
injection 
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Same syringe 
compatibility 
with atropine, 
scopolamine 







Please see brief summary of Prescribing Information on next page. 


A premedicant that does more~ ~~ 


. & - 
than premedicate fx | il ap tay n e 
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PHARMACEUTICA 


Janssen Pharmaceutica Inc, 501 George St., New Bruriswick. N.J. 08903 ( rOperl QO ) Injection 
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Inapsine’ (droperidol) Injection R 


Before prescribing please consult com 
which the following is a brief summary, 


DESCRIPTION: 
2 mi. and 5 ml. ampouies 
Each mi. contains: 


ODOT ON shee ea eit gaia tanee a aae aad 2.5 mg 
Lactic acid for pH adjustment to 3.4 + 0.4 
10 mi. vials 
Each mi. contains: 
O operido spa stata igre Ba dane Mme celle ot aan Sng 


Protect from light. Store at room temperature. 

FOR INTRAVENOUS OR INTRAMUSCLULAR USE ONLY 

Droperidol ts a neuroleptic (tranquilizer) agent. 

INDICATIONS: INAPSINE (droperidol) is indicated: 

to produce tranquilization and to reduce the incidence of nausea and 
vomiting in surgical and diagnostic procedures: 


plete prescribing information, of 


for premedication, induction, and as an adjunct in the maintenance of 


general and regional anesthesia; 

in neuroleptanalgesia in which INAPSINE (droperidol) is given concur 
rently with a narcotic analgesic, such as SUBLIMAZE* (fentanyl) injection, 
to aid in producing tranquility and decr asing anxiety and pain. 


CONTRAINDICATIONS: INAPSINE (droperidol) is contraindicated in 
patients with known intolerance to the drug. 


WARNINGS: FLUIDS AND OTHER COUNTERMEASURES TO 
MANAGE HYPOTENSION SHOULD BE READILY AVAILABLE. As 
with other CNS depressant drugs, patients who have received INAPSINE 
(droperidol) should have appropriate surveillance. 

I INAPSINE (droperidol) is administered with a narcotic analgesic such as 
SUBLIMAZE (fentanyl), the user should familiarize himself with the special 
properties of each drug, particularly the widely differing durations of action, 
In addition, when such a combination is used, resuscitative equipment and a 
narcotic antagonist should be readily available to manage apnea. See 
package insert for fentanyl before using. Narcotic analgesics such as 
SUBLIMAZE (fentanyl) may cause muscle rigidity, particularly involving 
the muscles of respiration. This effect is related to the speed of injection. Its 
incidence can be reduced by the use of slow intravenous injection. Once this 
effect occurs, itis managed by the use of assisted or controlled respiration 
and, if necessary, by a neuromuscular blocking agent compatible with the 
patients condition. 

The respiratory depressant effect of narcotics persists longer than their 
measured analgesic effect. When used with INAPSINE (droperidol), the 
total dose of all narcotic analgesics administered should be considered by 
the practitioner before ordering narcotic analgesics during recovery from 
anesthesia. It is recommended that narcotics, when required, be used 
initially in reduced doses as low as % to t those usually recommended. 


PRECAUTIONS: The initial dose of INAPSINE (droperidol) should be 
appropriately reduced in elderly, debilitated and other poor-risk patients, 
The effect of the initial dose should be considered in determining incremen- 
tal doses. Certain forms of conduction anesthesia, such as spinal anesthesia 
and some peridural anesthetics, can cause peripheral vasodilatation and 
hypotension because of sympathetic blockade. Through other mechanisms 
INAPSINE (droperidol) can also alter circulation. Therefore, when INAP- 
SINE (droperidol) is used to supplement these forms of anesthesia. the 
anesthetist should be familiar with the physiological alterations involved. 
and be prepared to manage them in the patients selected for this form of 
anesthesia, 

If hypotension occurs, the possibility of hypovolemia should be considered 
and managed with appropriate parenteral fluid therapy. Repositioning the 
patient io improve venous return to the heart should also be considered when 
operative conditions permit. It should be noted that in spinal and peridural 
anesthesia, tilung the patient into a head down position may result in a 
higher level of anesthesia than is desirable, as well as impair venous return to 
the heart. Care should be exercised in moving and positioning of patients 
because of the possibility of orthostatic hypotension. If volume expansion 
with fluids plus other countermeasures do not correct the hypotension, then 
the administration of pressor agents other than epinephrine should be 
considered, Epinephrine may paradoxically decrease the blood pressure in 
patients treated with INAPSINE (droperidol) due to the alpha-adrenergic 
blocking action of droperidol. 

Since INAPSINE (droperidol) may decrease pulmonary arterial pressure, 
this fact should be considered by those who conduct diagnostic or surgical 
procedures where interpretation of pulmonary arterial pressure measure- 
ments might determine final management of the patient. Vital signs should 
be monitored routinely. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics. and 
general anesthetics) have additive or potentiating effects with INAPSINE 
(droperidol). When patients have received such drugs, the dose of INAP- 
SINE (droperidol) required will be less than usual. Likewise, following the 
administration of INAPSENE (droperidol), the dose of other CNS depres- 
samt drugs should be reduced. 
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INAPSINE (droperidol) should be administered with caution to patients 
with liver and kidney dysfunction because of the importance of these organs 
in the metabolism and excretion of drugs. 

When the EEG is used for postoperative monitoring, it may be found that the 
EEG pattern returns to normal slowly, 

Since INAPSINE (droperidol) is frequently used with the narcotic analgesic 
SUBLIMAZE (fentanyl). it should be noted that fentanyl may produce 
bradycardia, which may be treated with atropine: however, fentanyl should 
be used with caution in patients with cardiac bradyarrhythmias? 


ADVERSE REACTIONS: The most common adverse reactions reported to 
occur with INAPSINE (droperidol) are mild to moderate hypotension and 
occasionally tachycardia, bur these effects usually subside without treat- 
ment. If hypotension occurs and is severe or persists, the possibility of 
hypovolemia should be considered and managed with appropriate paren- 
teral fuid therapy. Postoperative drowsiness is also frequently reported. 
Extrapyramidal symptoms (dystonia, akathisia, and aculogyric crisis) have 
been observed following administration of INAPSINE (droperidol), Rest- 
lessness, hyperactivity, and anxiety which can be either the result of 
inadequate dosage of INAPSINE (droperidol) or a part of the symptom 
complex of akathisia may occur. When extrapyramidal symptoms occur, they 
can usually be controlled with anti-parkinson agents. 

Other adverse reactions that have been reported are dizziness. chills and/or 
shivering, laryngospasm. bronchospasm and postoperative hallucinatory 
episodes (sometimes associated with transient periods of mental depres- 
sion). 

When [NAPSINE (droperidol) is used with a narcotic analgesic such as 
SUBLIMAZE (fentanyl), respiratory depression, apnea. and muscular 
rigidity can occur: if these remain untreated respiratory arrest could occur. 
Elevated blood pressure, with or without preexisting hypertension, has been 
reported following administration of INAPSINE (droperidol) combined 
with SUBLIMAZE (fentanyl) or other parenteral analgesics. This might be 
due to unexplained alterations in sympathetic acuivety following large doses: 
however, itis also frequently attributed to anesthetic or surgical stimulation 
during hyht anesthesia, 


DOSAGE AND ADMINISTRATION: Dosage should be individualized. 

Some of the factors to be considered in determining the dose are age, body 

weight, physical status, underlying pathological condition. use of other 

drugs, type of anesthesia to be used, and the surgical procedure involved, 

Vital signs should be monitored routinely. 

Usual Adult Dosage 

1. Premedication~-(to be appropriately modified in the elderly. debilitated, 
and those who have received other depressant drugs) 2.5 to l0 mg. (te 4 
ml.) may be administered intramuscularly 30 to 60 minutes preopera- 
tively. 

Adjunct to General Anesthesia 

Induction--2.5 mg. (1 ml.) per 20 to 25 pounds may be administered 

(usually intravenously) along with an analgesic and/or general anes- 
thetic. Smaller doses may be adequate. The total amount of INAPSINE 

(droperidol) administered should be titrated to obtain the desired effect 
based on the individual patients response. 

Maintenance--1.25 to 2.5 mg. (0.5 to 1 ml.) usually intravenously (see 
warning regarding use with concomitant narcotic analgesic medication 
and the possibility of widely differing durations of action). 

lf INNOVAR® injection is administered in addition to INAPSINE 

(droperidol), the calculation of the recommended dase of INAPSINE 

(droperidol) should include the droperidol contained in the INNOVAR 
injection. See INNOVAR injection Package Insert for full prescribing 
information. 

Use Without A General Anesthetic In Diagnostic Procedures Admin- 
ister the usual LM. premedication 2.8 to 10 mg. (1 to 4 mL) 30 to 60 

minutes before the procedure. Additional 1.25 to 2.5 mg. (0.8 to | mi} 

amounts of INAPSINE (droperidol) may be administered. usually 

intravenously (see warning regarding use with concomitant narcotic 

analgesic medication and the possibility of widely differing durations of 

wehon). 

Note: When INAPSINE (droperidol) is used in certain procedures, such 

as bronchoscopy, appropriate topical anesthesia is still necessary, 

Adjunct to Regional Anesthesia~2.5 to 5 mg. (1 to 2 ml) may be 
administered intramuscularly or slowly intravenously when additional 
sedation is required, 

HOW SUPPLIED: 2 ml. and 5 mi. ampoules-packages of 10: 10 mil, 

multiple-dose vials— packages of 10. 

US. Patent No. 3,161,645 

NDC 50458-010-02. NDC 50458-010-05; NDC 50458-G10-10 


March 1980, Revised June 1980 
*See full prescribing information for complete description. 
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We help make a tough 
job easier. 


A recent independent evaluation of vital signs monitors 
used in surgery rated the YVSM”I number one due to ease 
of operation. 

Number one. 

But it's not surprising, The VSM 1 vital signs monitor is made 
by the people who brought you the LIFEPAK” family of 
defibrillator/monitors all designed to be simple and 
straightforward to operate. 

You see enough complexity in your daily work without 
having to cope with it in the equipment vou use. 

Try the VSM I vital signs monitor. You'll agree. For ease of 
operation, its simply beautiful. 





The VSM1 vital signs monitor from Physio-Control. 
Now with electrosurgical interference suppression. 





Physio-Control Corporation -© Cardiovascular Division- ELSTL Willows Road - Redmond, Washington 98052 USA + (206) 881-4000 


SSRI Physio Control Corporation 
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For an uneventful anesthesia course 


In preop, you'll appreciate the Rebound respiratory depression, 
good sedative effect of Stadol and as sometimes seen in recovery 
-reduction in patient apprehension. | ne SA l after fentanyl, does not occur. 
RE EE E S Hypotensive effects are limited. 
intraoperatively, Stadol provides Nausea or vomiting is rare. 
smooth induction and emergence. a 
The return to spontanecus respi- y T - - Stadolis adaptable to a wide range 
ration is rapid, so naloxone is E S? of procedures, is compatible with 
_ rarely required. A Ses your routines and is nonscheduled 
| i f aaa -So you can keep it conveniently 
In the recovery room, dosage on 1 your anesthesia cart. 
can be repeated or increased, if — Pe a : 
necessary, to provide full pain relief aa ote: should not be administere 
with little fear of causing respira- ee norcolis expertonesr e T, 


peeo reater ha ) ~- antagonist properties may induce with- 
oa z a Ye morphine. te 6: Sekar y : drawal rea tions unless detoxification is 





IV 
(butorphanol tartrate) 


for moderate to severe pain... 
the hospital-proven analgesic 
` with the safety difference 


™ Bristol Laboratories 
BRISTOL Division of Bristol-Myers Company 
Syracuse, New York 13201 


Copyright © 1982, Bristol Laboratories 


Please see brief summary of prescribing 
information on adjoining page. 





(butorphanol tartrate} 


the effective analgesic with 
the safety difference 


Brief Summary of Prescribing Information 
STADOL® (butorphanol tartrate) 


For complete information, consult Official Package Circular. 
(2) 12/10/79 
INDICATIONS AND USAGE—-Stadol is recommended for the relief of moderate to severe 
pain. Stadol can also be used for preoperative or preanesthetic medication, as a 
supplement to balanced anesthesia, and for the relief of prepartum pain. 
CONTRAINDICATIGNS—-Stado! should not be administered to patients who have been 
shown to be hypersensitive to it. 
WARNINGS—Patients Physically Dependent on Narcotics: Because of its antagonist 
properties, Stadol is not recommended for patients physically dependent on 
narcotics. Detoxification in such patients is required prior to use. 
Due to the difficulty in assessing addiction in patients who have recently received 
substantial amounts of narcotic medication, caution should be used in the 
administratian of Stadol. Detoxification of such patients prior to usage should be 
carefully considered. 
Drug Dependence: aie care should be exercised in administering Stadai to 
emotionally unstable patients and to those with a history of drug misuse. When 
jong-term therapy is contemplated, such patients should be closely r 
Even though Stadol has a low physical dependence liability, care should be taken 
that individuals who may be prone to drug abuse are closely supervised. It is 
important to avoid increases in dose and frequency of injections by the patient and 
to prevent the use of the drug in anticipation of pain rather than for the relief of pain. 
Head Injury and Increased Intracranial Pressure: Although there is no clinical experience 
in patients with head injury, itcan be assumed that Stadol, like other potent 
analgesics, elevates cerebrospinal fluid pressure. Therefore the use of Stadal in 
cases of head injury can produce effects (e-g., miosis) which may obscure the 
clinical course of patients with head injuries. in such patients Stadoi must be used 
with extreme caution and only if its use is deemed essential. 
Cardiovascular Effects: Because Stadol increases the work of the heart, especially the 
pulmonary circuit, the use of this drug in acute myocardial infarction or in cardiac 
patients with ventricular dysfunction or coronary insufficiency should be limited to 
those who are hypersensitive to morphine sulfate or meperidine. 
PRECAUTIONS —Cartain Respiratory Conditions: Because Stado! causes some respiratory 
depression, it should be administered only with caution and low dosage to patients 
with respiratory depression (e.g., from other medication, uremia, or Severe infec- 
tion}, severely limited respiratory reserve, bronchial asthma. obstructive respiratory 
conditions, or cyanosis. 
impaired Renal or Hepatic Function: Although laboratory tests have not indicated that 
Stadol causes or increases renal or hepatic impairment. the drug should be 
administered with caution to patients with such impairment. Extensive liver disease 
may predispose to greater side effects and greater activity from the usual clinical 
dose, possibly the result of decreased metabolism of the drug by the liver, 
Biliary Surgery: Clinical studies have not been done to establish the safety of Stado! 
administration to patients about to undergo surgery of the biliary tract. 
Usage as a Preoperative or Preanesthetic Medication: Slight increases in systolic blood 
pressure may occur. therefore caution should be employed when Stadol is usec in 
the hypertensive patient. 
Usage in Balanced Anesthesia: The use of pancuronium in combination with Stadoi may 
cause an increase in conjunctival changes. 
Usage in Pregnancy: The safety of Stadol for use in pregnancy prior to the labor period 
has not been established; therefore, this drug should be used in pregnant patients 
only when in the judgment of the physician its use is deemed essential to the welfare 
of the patient. 
Reproduction studies have been performed in rats. mice and rabbits and have 
reveated no evidence of impaired fertility or harm to the fetus due to Stadol at about 
2.5 to 5 times the human dose. 
Usage in Labor and Delivery: Safety to the mother and fetus following administration of 
Stadol during labor has heen established. Patients receiving Stadol during labor 
have experienced no adverse effects other than those observed with commonly used 
analgesics. Stado! should be used with caution in women delivering premature 
infants. 
Usage in Nursing Mothers: The use of Stadol in lactating mothers who are nursing their 
infants is not recommended since it is not known whether this drug is excreted in 
human milk. Stado! has been used safely for labor pain in mothers who sub- 
sequently nursed their infants. 
Usage in Children: Safety and efficacy in children below age 18 years have not been 
established. 
ADVERSE REACTIONS—The most frequent adverse reactions in 1250 patients treated 
with Stadol are: sedation (503, 40%), nausea (82. 6%), clammy/sweating (76, 6%). 
Less frequent reactions are: headache (35, 3%), ver) (33, 3%}. floating feeting (33. 
3%), dizziness (23, 2%), lethargy (19, 2%), confusion (19, 1%), lightheadedness (12, 1%). 
Other adverse reactions which may occur (reported incidence of less than 1°) are: 
CNS: nervousness, unusual dreams, agitation, euphoria, hallucinations 
Autonomic: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: vomiting 
Respiratory: slowing of respiration, shallow breathing 
Dermatological: rash or hives 
Eye diplopia or blurred vision 
OVERDOSAGE—~Manilestations: Aithough there have been no experiences of over- 
dosage with Stadol during clinical trials, this may occur due to accidental or 
intentional misuse as well as therapeutic use. Based on the pharmacology of Stadal, 
overdosage could produce some degree of respiratory depression and variable 
cardiovascular and central nervous system effects. 
Treatment The immediate treatment of suspected Stadol overdosage is intravenous 
naloxone. The respiratory and cardiac status of the patient should be evaluated 
constantly and appropriate supportive measures instituted, such as oxygen. intra- 
venous fluids, vasopressors and assisted or controlled respiration. 
HOW SUPPLIEO—-Stado! (butorphanol tartrate) injection for LM. or LV. use, is available 
as follows: 
NDC 0015-5644-20—2 mq per mi, 2-ml vial 
NOC 0015-5645-20--1 mg per mi, temi vial 
NOG 0015-5646-20—2 mg per mi, 1-mi vial 
NDE 0015-5646-23--2 mg per mi, 1-ml Disposable Syringe 
NOC 0015-5648-20-—2 mg per mi, 10-mi multi-dose vial 
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LA.R.S. 1982 


REVIEW COURSE 
LECTURES 


Booklet containing 14 Review 
Course Lectures given at the 56th 
Congress in March 1982 is 
available from J.A.R.S. Cleveland 
business office at $5.00 per copy. 
Supply is limited and orders will 
be filled on basis of receipt date of 
order. Send check payable to 
‘International Anesthesia Research 
Society.” 


osecas een eneeeeeneeoseanaeeneaeveeeeeeaeee ee Gee He ees 


LA.R.S. 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Enclosed is check for $ for 
copy(ies) of “1982 Review 
Course Lectures” to be sent to: 





(Name) 





(Mail Address) 





(City, State, Zip) 


The Vitatek 5U Monitor 
The latest in a line of innovations. 


Innovation. You can see it throughout the Vitatek 511. In the unique features, like BRITELINE”, 
the new enhanced non-fade display mode. In the expanded capabilities, 
like trending, on CRT and optional recorder. 


But innovation is nothing new to Vitatek. The Vitatek 511 is just one of four 
impressive monitor lines, each designed to meet your special needs. 


The Vitatek 408 Adult Monitor 

An economical, single-trace instrument designed 

for ECG measurement. The Vitatek 408 provides 

heart-rate reading (triggered sweep), with high 

and low heart-rate alarms. There is three-lead 
selection and full lead is 
optional. It's compact, light- 
weight, battery and line (AC) 
operable — extremely port- 
able. An optional recorder is 
available. 


The Vitatek 414 Adult Monitor 

A dual or three-trace monitor with simultaneous 

display of ECG and blood pressure or peripheral 

pulse. A digital readout shows heart rate, systolic/ 
diastolic blood pressures, 
mean blood pressure or tem- 
perature. Options are avail- 


able for pressure gauge factor, 


ECG full-lead select, electro- 


surgical suppression, recorder 


and digital readout module. 


The Vitatek 413A Neonatal Monitor 


A three-trace instrument designed especially for 
neonatal monitoring. It smultaneously displays 
ECG, blood pressure or peripheral pulse, and res- 
piration waveforms. A selectable digital readout 
silai shows heart rate, respiration 
rate, systolic/diastolic or 
mean blood pressure, two 
temperatures or temperature 
difference. An optional recorde 
is available in addition to a 
digital readout module. 


— 
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For more information on the new Vitatek 511 
Monitor or any one of our family of portable monit 
or for a demonstration, call or write us today. 


A member company of 





LA.R.S. 
REVIEW COURSE 
LECTURES AVAILABLE 


1981-1982 


( i ) 1981— (55th Congress)—15 Review | 


Course Lectures—$5.00 


( ) 1982—(56th Congress)——14 Review 


Course Lectures—$5.00 


To: International Anesthesia — 
_Research Society 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 - 


Please send Lecture Booklets checked 
above, at $5.00 per copy. 


My check, payable to I.A.R.S. 
amount of $ is enclosed. 


in the 





(Name) 





(Mail Address) 


(City, State, Zip) 
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Marcaine HCI 


bupivacaine HC! injection, USP) 
(bupivacaine or without epinephrine 1:200,000 
Plesso conselt {ch prescribteg Information before prescribing. A summary foflows: 
fadications. Peripheral nerve block, Infitration; sympathetic block, caudal, or epidural hoc 
Coatraladication. Marcaine Is contraindicated In patlents with known hypersensitivity to It 


Warnings. RESUSCITATIVE EQUIPMENT AND DRUGS SHOULD BE READILY AVAILABLE 


WHEN ANY LOCAL ANESTHETIC IS USED. 

Usage in Pregnancy The relevance to the human is not known. Safe use in pregnant 
women other than those In labor has not been established. 

Until further cinica! experience Is gained, paracervical block with Marcaine is nt 
recommended, Fetal br frequently follows paracervical block with some amids- 
type local anesthetics and may be associated with fetatacidosis. Added risk appears to be 
present In prematurity, toxemda of pregnancy, and fetal distress. 

The obstetrician is warned that severe persistant hypertension may occur after admins- 
tration of certain oxytocic drugs, if vasopressors have already been used during labor {e.9., 
in the local anesthetic solution or to correct hypotension}. 

Sotutions containing a vasoconstrictor particularly epinephrine œ n hrins, should 
he used with extreme caution in patients recetying monoamine oxidase (MAO) inhibitors or 
ahap of the triptyline or imipramine types, because severe, prolonged hyperten- 
sion may t 

Local anesthetics which contain preservatives, 1.8., those supplied in multiple dose vials, 
should not be used for caudal or epidural anesthesia. 

Until further experience is gained in children younger than 12 years, administration of 
Marcaine in this age group is not recommended. 


Precautioas. Tha safety and effectiveness of local anesthetics depend upon proper dosage, 
correct technique, adaquate precautions, and readiness for emergencies. 

- The lowest dosage that gives effective anesthesia should be used in order to avoid high 
plasma leveis and serious systemic side affects. injection of repeated doses of Marcaine 
may Cause significant increase in blood levels with sach additional dose, due to accumula- 
tion af the drug or Rs metabolites or due to slow metabolic degradation. Tolerance varies 
with the status of the patient. DebiiRated, sideriy patients and acutely ffl patients should be 
given reduced doses commensurate with age and physical condition. 

sty containing a vasoconstrictor id be used cautiously In areas. with limited 
blood supe PO oe ae ee ae 
viento or in patients with peripheral vascular disease. 

Marcaine id be used cautiously in parsons with known drug allergies or sensitivities, 
particularly to the amide-typs jocal anesthetics. 

Serious dose-felated cardiac arhythmias may occur if preparations containing a 
vasoconstrictor such as epinephrine are employed in patients during or min the 
administration of chloroform, halothane, cyclopropane, trichloroethyiane, or ather related 
agents. In deciding whether to use these products concurrently In the same patient, the 
combined action of both agents upon the myocardium, the concentration and volume of 
vasoconstrictor used, and the time since injection, when applicable, should be taken into 


account 
ne ts advised in administration of rapeat doses of Marcalne to patients with severe 
SBaS8, 

Use in Ophthalmic Sirge. When Marcalne 0.75% ls used for retrobulbar block, 

complete comeal anesthesia usually precedes onsat of clinically acceptable extemal oct lar. 
muscle akinesia. Therefore, presence of akinesla rather than anesthesia alone should 
determine readiness of the patient for surgery. 
Adverse Reactions. Reactions to Marcalne are characteristic of those associated with 
other amlde-type local anesthetics, A major cause of adverse reactions to thts group of 
drugs ks excessive plasma levels, which may be due to overdosage, Inadvertent intravascmar 
injection, or stow métabollc degradation. 


Involving the central nervous system and the cardiovascular system. The central nervous 
system effects are characterized by excitation or depression The first manifestation may be 
nervousnass, dizziness, blurred viston, or tremors, followad by drowsiness, convulsicns, 
unconsciousness, and possibly respiratory arrest. Since excitement may be transteni or 
absent, the first manifestation may be drowsiness, sometimes merging into unconsclousnsss 
and resplratory arrest. Other cantral nervous system effects may be nausea, vomiting, chills, 
constriction of the pupils, or tinnitus. The canfovascafar manifestations of excessive 
masma lovels may Include depression of the myocardium, blood pressure changes (usually 
hypotension), and cardlac arrest. In obstetrics, cases of fetal bradycardia have occurred 
(sea Wamings). A#enie reactions, which may be due to hypersensitivity, Idlosyncrasy, or 
diminished tolerance, are characterized by cutaneous lesions (8.g., urticarla), edema, and 
other laa of aRargy Detection of sensitivity by skin te ts of doubtful valne. 
Sensi preservatives added to muttiple dose vials has been reported. 
methyiparaben are also avallable. 

dural of caudal anesthesia also may Include: or total spinal 
block; urinary retention; fecal Incontinence; toss of perineal sensation and sexual function, 
persistent analgesia, paresthasia, and paratysts of the lower extremities; headache and 
backache; and slowing of labor and Increased Incidence of forceps delivery. 

Treatinant of Reactions. Tode effects of local anesthetics require symptomatic treat- 
meant; there Is no specific cure. The physician should be prepared to maintain an alnway and 
to support. ventilation with n and assisted of controled respiration as required. 
Supportive treatment of the ovascular system Includes Intravenous fluids and, when: 
appropriate, vasopressors (pra those that stimulate the myocardium). Convuls ons 
miy be controlled with oxygen and Intravenous administration, in smal! Increments, of a 

iturate, as follows: preferably, an ultrashort-acting barbiturate such as thiopental or 
thlamylat; if this is not available, a short-acting barbiturate (e.g., sacobarbital or pentobarbital) 
o diazepam. Intravenous barbiturates or anticonvulsant agents should only be administared 
by those familiar with their use. 


Campositica of Saluttons. a 
Marcaine nana Ha 2.5 mg bupivacaine with NaCl for tsotonicity In water 
n. 
Marcatae 0.5% re lal 5 mg buplvacalne with NaCl for fsotonicity in water for 
n 
Marcalne niece ne contains 7.6 mg buptvacaine with NaC! for Isotonicity in water 


ini : 
in muitine dose vials, each mi also contains 1 mg methylparaben. 
in epinephrine; each mi also contains 0.0081 mg ep ne bitartrate, 0.6 mg sodim 
bisulfite, 0.00+ mi monothiog , 2 mg ascorbic acid, 0.0017 mi 60% sodium lactate, 
and 0.1 mg adetate calcium sodium. 


Reference: 


1. Buckley FP, Simpson BR: fe traumatic and postoperative pain managemert. in 
Cousins MJ, Bridenbaugh PO {eds Neural Blockade in Clinical Anesthesia and Manage- 
mem of Pain. Philadelphia, JB Lippincott Co . 1980 chap 25. 


/BREON | BREON LABORATORIES INC. 
- fied 90 Park Ave., New York, N.Y. 10016 


` ©1982 Breon Laboratories inc. 
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Infiltrate prior to closing. 
By infiltrating soft tissues surrounding the operative site 
immediately prior to closing? you can extend the anesthetic 


effect of Marcaine “ long after surgery for greater patient 
comfort and a more rapid recovery period! 
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Marcaine:. 


(bupivacaine HCI injection, USP) 


with or without epinephrine 1:200,000 
*0.25% only. 


See important product information concerning warnings, adverse reactions, patient selection, and prescribing and precautionary 
recommendations on adjacent page 


-BREON Breon Laboratories Inc 
90 Park Avenue, New York, NY 10016 ©1982 Breon Laboratories inc 





Anesthesia and Analgesia 
BACK ISSUES AVAILABLE 


Avallable at $3.00 per Issue 


























Vol. Year Numbers Available Vol. Year Numbers Available 
33 1954 ed 2 3 4 5 6 41 1962 - 2 3 - 5 6 
34 1955 1 2 3 4 5 8 42 1963 ~ on: 3 4 5 6 
35 1956 1 2 3 _ 5 6 43 1964 1 ~ 3 ~ 5 6 
38 1957 ~ 2 - - - 6 44 1965 1 2 3 4 5 & 
37 1958 1 2 3 4: 5 6 45 1966 - 2 - 4 5 6 
38 1959 : 2 3 4 =- 8 46 1967 = 2 3 4 = 6 
39 1960 ~» - 3 4 5 6 47 1938 ~ 3 4 5 8 
40 1961 "~ — - 4 5 6 48 1969 1 2 3 — 5 — 

‘Available at $4.50 per Issue l 

Vol. Year Numbers Available l Vol. Year Numbers Available 
ai ee a le 54 1975 => 2 3 - - 6 
50 1971 1 2 ~ — — ~ 

56 1976 - 2 3 4 5 6 
51 1972 ~ 2 3 ~n 6 
56 1977 1 2 3 4 5 6 
52 1973 Me. ee o D o 57 1978 1 2 3 4 5 6 
53 1974 - ° 2 3 4 - ~ l 
Available at $5.50 per Issue 

Vol. Year Numbers Avallabie 
58 1979 1 2 3 4 5 6 (only six issues published) 
59 1980 ~ -~ 3 4 5 8 m 8 9 10 11 12 
60 1981 1 2 3 4. 5 6 nan - 9 10 11 12 
61 1982 1 2 3 





SINGLE ISSUES PRIOR TO 1954: Write to publisher at address below for listing of issues available at $2.00 each. 
BOUND VOLUMES AVAILABLE: $8.00——For Years 1948, 1949; $10.00—For Years 1953, 1955 
OTHER PUBLICATIONS AVAILABLE: 

“Basic and Clinical Physiology of the Liver’ (Supplement to Sept.-Oct. 1965 Issue)--—$3.00. 

Ten-Year (1960-1969) Cumulative Index—$3.00. 

Ten-Year (1970-1979) Cumulative Index-——$3.00. 

1981 (55th Congress) Review Course Lectures—$5.00. 

1982 (56th Congress) Review Course Lectures—$5.00. 


international Anesthesia Research Society 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Please send me the publications circled above, or listed hereunder: 


O Check for $_..—-— enclosed. 

O Please send bill with understanding that ordered material will be sent when payment is received. | ee 
Name — É . , 
Address om 
City, State, Zip i ` a 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 
57th CONGRESS to be held MARCH 13-17, 1983 
HILTON HOTEL, NEW ORLEANS, LOUISIANA 











If you would like to submit a paper for consideration by the Program Committee, please note the deadline for receipt 
of title and 300-word abstract is August 25, 1982. 


For official application form, please write or call: 


E. Paul Didier, M.D., Chairman International Anesthesia Research 
Program Committee for 57th Congress Society 

c/o Department of Anesthesiology 3645 Warrensville Ctr. Rd. 

Mayo Clinic Cleveland, Ohio 44122 

200 First Street, SW ee 

Rochester, Minnesota 55901 Telephone: (216) 295-1124 


Telephone: (507) 286-8766 


Abstract applications can also be obtained from the Cleveland I.A.R.S. office. 





spe crt meted eke cetyl raves a a E E a a srr: aa remit eres stares rants empl ts fmt a QVM, ih hdl, 





i 


SCIENTIFIC EXHIBITS: Requests for applications for scientific exhibit space should be sent to: B. B. Sankey, M.D 
International Anesthesia Research Society, 3645 Warrensville Center Rd., Cleveland, Ohio 44122. (Please note the 


above deadline does not apply to scientific space applications which can be accepted, on a space availability basis, up 
to December 31, 1982. 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 
RESEARCH AWARD 





The International Anesthesia Research Society is pleased to announce the establishment of the 
“LA.R.S. RESEARCH AWARD”. 


Applications for up to $25,000 are invited for the initial Award, to be made in 1983, subject to the 
following basic conditions: 


... The research proposal must be within the general field of anesthesiology. 


.. The principal investigator must be a member of the International Anesthesia Research 
Society. 


. Preference will be given to new investigators. 


.. Applications must be received in the I.A.R.S. Cleveland office no later than December 
31, 1982. 


The Award will be announced at the Annual Meeting (57th Congress) of the International Anesthesia 
Research Society to be held in New Orleans, March 13-17, 1983. The Award will be made on July 1, 
1983. 


The official application form for the Award must be used. This form, as well as the guidelines for 
applicants, is available on request to: 


B. B. Sankey, M.D. 

Executive Secretary 

International Anesthesia Research Society 
3645 Warrensville Center Rd. 

Cleveland, Ohio 44122, U.S.A. 


Telephone: (216) 295-1124 
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EDITORIAL 


Is Atracurium an Ideal Neuromuscular Blocking Drug? 


HE INTRODUCTION of pancuronium in the 
United States in 1972 represented the last muscle 
relaxant to be approved for clinical use by the U.S. 
Food and Drug Administration. The search for the 
“ideal muscle relaxant” has persisted for more than 
20 years by several investigators. Before designing a 


new drug, the ideal muscle relaxant had to be defined. © 


Savarese and Kitz (1) felt two new types of muscle 
relaxants were needed. One type is a non-depolarizing 
muscle relaxant with an onset time and duration of 
action similar to that of succinylcholine, but without 
all its well known problems. BW 785U seemed to 
meet these qualifications (2). However, because of 
significant histamine release (3), clinical trials with 
BW 785U were terminated. The search for a neuro- 
muscular blocking drug that has all the advantages, 
but none of the disadvantages of succinylcholine, thus 
persists. 

Savarese and Kitz (1) also suggested that a drug 
with an intermediate duration of action (i.e., between 
succinylcholine and pancuronium) would add flexi- 
bility to our muscle relaxant administration practices. 
Desirable characteristics should include lack of cu- 
mulative and cardiovascular effects. Also, a drug that 
is metabolized and/or is not dependent on the kidney 
for its elimination would be helpful, as all currently 
available non-depolarizing muscle relaxants primarily 
depend on the kidney for their elimination. 

Recently, two such muscle relaxants have under- 
gone clinical trials in the United States. Although 
described in several publications in Europe, vecuro- 
nium (ORG NC 45) was first described in the Amer- 
ican literature by Fahey et al (4) with an accompanying 
editorial by Savarese (5). Vecuronium fits most of the 
characteristics Savarese and Kitz (1) identified as de- 
sirable for an intermediate-acting neuromuscular 
blocking- drug. Vecuronium is a non-depolarizing 
muscle relaxant with a duration of action % to % that 
of pancuronium. It has little or no cumulative effect 
and no apparent cardiovascular action. Also, vecuron- 
ium is not markedly dependent on the kidney for its 
elimination and probably is excreted primarily un- 
changed in the bile (6). 


In this issue, Katz et al (7) and Basta et al (8) 
describe the first American clinical trials with another 


non-depolarizing muscle relaxant with an intermedi- 


ate duration of action, atracurium. Using similar an- 
esthetic techniques, but different methods of stimula- 


‘tion and quantifying neuromuscular transmission 


(i.e., electromyogram versus force displacement), both 
groups found the duration of action of atracurium 
was indeed shorter than that of pancuronium. Also, 
no cumulative effect was observed; that is, the same 
dose could be given repetitively at the same point in 
recovery with no increasing duration of action. How- 
ever, there are differences between the two studies. 
For example, Basta et al (8) found an onset time (time 
from injection to peak effect) of atracurium, 0.60 mg/ 
kg, to be 1.3 minutes, whereas Katz et al (7) found the 
onset time from the same dose to range from 2.5 to 4 
minutes. Payne and Hughes (9) found an onset time 
of 1.2 minutes from the same dose of atracurium. 
Although different methods were used to quantitate 
neuromuscular transmission, the reason for the rela- 
tively longer onset time in the Katz et al (7) study is 
not apparent. However, the onset time of atracurium 
certainly appears to be shorter than that of pancuro- 
nium. The ultimate test will be the time required from 
administration of atracurium until adequate condi- 
tions exist for endotracheal intubation, which can 
only be determined by many clinicians under a variety 
of clinical settings. 

Another slight difference between the two studies 
is evident with the cardiovascular data. Katz et al (7) 
found no cardiovascular effects from atracurium using 
the Riva Rocci technique and the electrocardiogram. 
Basta et al (8), using a radial artery line and tacho- 
graph, found a small, but significant increase in heart 
rate and decrease in blood pressure with doses of 
atracurium larger than 0.50 mg/kg. Despite these 
differences, such small cardiovascular changes are 
probably clinically insignificant. The prediction that 
atracurium is not dependent on the kidney or liver 
for its elimination remains to be tested in patients. 

The Katz et al (7) study illustrates that the incre- 
mental or cumulative method for producing a dose- 
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response curve may differ significantly from data 
obtained when a single intravenous bolus of atracu- 
rium is given. The incremental method of establishing 
a dose-response curve has obvious advantages be- 
cause fewer subjects are required than with the tra- 
ditional single-bolus injection method. Donlon et al 
(10) found that the incremental-dose method and the 
conventional single-bolus injection produced nearly 
identical dose response curves with both pancuro- 
nium and d-tubocurarine. The reason the incremen- 
tal-dose method produces a blockade of lesser mag- 
nitude with atracurium is probably because of its 
rapid metabolism and, possibly, its redistribution. 
Significant recovery from neuromuscular blockade 
from the initial dose has occurred when subsequent 
doses are given. Thus, in establishing dose-response 
curves, the methodology is far more critical with 
shorter-acting drugs like atracurium and vecuronium 
(11) than with longer-acting drugs such as pancuro- 
nium or d-tubocurarine. 

A comparison of atracurium and vecuronium is 
inevitable. Superficially, atracurium appears to have 
neuromuscular blocking characteristics similar to 
those of vecuronium (4, 7-9). Because experimental 
techniques differ from group to group, a precise 
comparison of the two drugs can only occur when the 
same investigators use identical experimental condi- 
tions to study the drugs. Such studies have yet to be 
published. Still, both muscle relaxants generally meet 
the original characteristics described by Savarese and 
Kitz (1) as desirable for non-depolarizing muscle re- 
laxants of intermediate duration of action. Thus, in 
this author’s opinion, atracurium and vecuronium 
both represent a significant increase in our flexibility 
as far as muscle relaxant administration is concerned, 
and fulfill the requirements necessary for a neuro- 
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muscular blocking drug of an intermediate duration 
of action. At this point, it appears that research should 
now be directed toward finding a non-depolarizing 
muscle relaxant with an onset time and duration of 
action similar to that of succinyicholine. 


Ronald D. Miller, MD 
- Professor of Anesthesia and Pharmacology 
Department of Anesthesia 
University of California 
San Francisco, California 94143 
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Clinical Pharmacology of Atracurium Besylate 
(BW 33A): A New Non-depolarizing Muscle Relaxant 
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Basta, S. J., ALI, H. H., SAVARESE, J. J., SUNDER, N., GIONFRIDDO, M., CLouTIER, G., LINEBERRY, G., AND CATO, A. E.: 
Clinical pharmacology of atracurium besylate (BW 33A): a new non-depolarizing muscle relaxant. Anesth Analg 
1982;61:723-9. 


Atracurium, a new non-depolarizing neuromuscular blocking agent, was studied in 70 patients anesthetized with 
fentanyl, thiopental, and nitrous oxide-oxygen. The dose found to produce 95% twitch inhibition (EDes) was 0.2 mg/ 
kg. The onset time from injection to maximum depression of twitch was 4.0 minutes at this dose; the duration to 95% 
recovery was 44.1 minutes. Twice the EDgs dose (0.4 mg/kg) had an onset time of 1.7 minutes and a duration of 63.5 
minutes. No cardiovascular effects were observed in this dosage range. At higher doses (0.5 and 0.6 mg/kg) arterial 
pressure decreased 13% and 20% and heart rate increased 5% and 8%, respectively. Sixteen patients received at 
least four successive doses of atracurium. No clinically significant cumulative effect could be shown when recovery 
from 25% to 75% of control twitch height was compared for initial and final doses in the series. Atracurium 
spontaneously decomposes at physiologic pH via the Hofmann elimination reaction and may also undergo ester 
hydrolysis independent of plasma cholinesterase. These proposed pathways of inactivation may explain the lack of 
cumulative effect and the drug’s intermediate duration of action. Based on the results of this study, atracurium offers 
several clinical advantages and should undergo more extensive clinical trials. 


Key Words: NEUROMUSCULAR RELAXANTS: atracurium. 


HE CLINICAL need for new neuromuscular 

blocking drugs of various durations of action 
(short, intermediate, and long) continues today. One 
would ideally like these new agents to be non-depo- 
larizing and have high potency, rapid onset, and no 
cardiovascular side effects. In addition, such new 
drugs should not release histamine, should lack cu- 
mulative properties, should undergo metabolism to 
pharmacologically inactive and nontoxic metabolites, 
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and should be usable equally well in normal subjects 
and in patients with renal or hepatic insufficiency. 
Atracurium besylate (BW 33A), a new non-depolar- 
izing relaxant synthesized and developed by Stenlake 
(1), appears to possess many of these desirable char- 
acteristics. In Britain it has been shown, first in ani- 
mals by Hughes and Chapple (2) and subsequently in 
anesthetized patients by Payne and Hughes (3), to be 
a potent non-depolarizing relaxant devoid of cardio- 
vascular side effects. In addition, atracurium’s meta- 
bolic pathways may be unique insofar as initial stud- 
ies suggest that the molecule may decompose at phys- 
iologic pH to inactive metabolites by two mechanisms: 
(a) spontaneously by Hofmann elimination, and (b) 
by an enzymatic ester hydrolysis not dependent on 
plasma cholinesterase (2) (see Fig 1). Atracurium is 
currently available for clinical trials in this country. 
The present study was designed to confirm the results 
of previous investigations and to quantitate in greater 
detail, time of onset of action, degree of cumulation, 
if any, and extent of any cardiovascular effects in 
healthy anesthetized patients during nitrous oxide- 
narcotic-barbiturate anesthesia. 
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Fic 1. Proposed pathways for inactivation of atracurium by Hofmann elimination reaction and ester hydrolysis. 


Methods 


The study included 70 patients, 42 men and 28 
women, A.S.A. class I, 18 to 58 years of age, who 
were having elective surgery; all patients gave insti- 
tutionally approved written informed consent. Before 
anesthesia, blood samples for determination of dibu- 
caine number and plasma cholinesterase activity were 
drawn from each subject. This was done to ascertain 
whether a correlation might exist between the dura- 
tion of neuromuscular block produced by atracurium 
and plasma cholinesterase activity. As atracurium is 
an ester and because in vitro measurements suggest 
that the drug is not metabolized by plasma cholines- 
terase (2), this was considered an important aspect of 
the study. 

Fasting subjects weré premedicated 1 to 1.5 hours 
before surgery with oral diazepam, 0.15 mg/kg, and 
intramuscular morphine, 0.1 mg/kg. Anesthesia was 
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induced with intravenous fentanyl, 4 to 8 ug/kg and 
thiopental, 5 to 10 mg/kg. Tracheal intubation was 
accomplished using topical lidocaine. Controlled ven- 
tilation was used to maintain normal arterial blood 
gas tensions. Anesthesia was maintained using nitrous 
oxide and oxygen (4 L/2 L) and additional thiopental 
and/or fentanyl as needed. In a few patients it was 
necessary to use enflurane (0.5% inspired) after recov- 
ery from the initial dose of atracurium to maintain 
adequate levels of anesthesia without administration 
of high doses of fentanyl or thiopental. These patients 
were included in analysis of all twitch data. 

Heart rate (by tachygraph), radial arterial pressure, 
esophageal temperature, and electrocardiogram were 
continuously monitored. Neuromuscular function 
was monitored by recording responses of the ulnar 
nerve-adductor pollicis system using 200 to 250 g of 


-resting tension of the thumb. Responses were evoked 


by repetitive train-of-four stimulation (2 Hz for 2 
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seconds repeated every 10 seconds) applied to the 
ulnar nerve as previously described (4), using 22- 
gauge steel needle electrodes placed subcutaneously 
at the wrist. Simultaneous recordings of train-of-four 
responses, arterial pressure, and heart rate were made 
on a Grass polygraph (model 7B). Train-of-four mon- 
itoring was used in this study as an additional indi- 
cator that atracurium is a non-depolarizing relaxant 
which produced fade of the four responses. 

Following a stable base line period of 15 minutes, 
atracurium was administered as a single rapid (5- 
second) intravenous bolus. Seven separate dosages 
were used: 0.06, 0.1, 0.2, 0.3, 0.4, 0.5, and 0.6 mg/kg. 
The time to maximum neuromuscular blockade was 
measured. Maximal cardiovascular and neuromuscu- 
lar changes were obtained in the absence of any 
stimulation, after which surgery began. Recovery of 
the initial twitch in the train-of-four to 95% of control 
twitch was measured after each initial dose. Subse- 
quently, greater than 95% neuromuscular blockade 
was reestablished with an additional 0.2 mg/kg intra- 
venous bolus of atracurium. When this second dose 
of atracurium was followed by recovery to a point 
where the initial twitch in the train-of-four response 
had recovered to 25% of the control height, the block- 
ade was maintained using incremental doses of atra- 
curium, 0.08 mg/kg, given each time the first twitch 
of the train-of-four had recovered to 25% of control 
levels. When the duration of surgery was shorter than 
anticipated and did not allow for spontaneous recov- 
ery of the twitch to control levels, residual blockade 
was antagonized with a mixture of neostigmine and 
atropine (0.06 and 0.03 mg/kg, respectively) given as 
a slow (1-minute) intravenous bolus. 

Six patients given 0.06 mg/kg of atracurium were 
also given 0.2 mg/kg of atracurium 1 hour after the 
initial dose of atracurium had achieved recovery to 
control twitch height. (No cumulative effect 1 hour 
after an initial dose of 0.06 mg/kg of atracurium had 
been observed in a pilot study [n = 4] in which a 
second dose of 0.06 mg/kg produced a degree of 
block not differing significantly from that produced 
by the first dose.) Thus, the total number of bolus 
doses given at 0.2 mg/kg were 16 (10 patients from 
the 0.2 mg/kg dosage group plus an additional six 
patients from the 0.06 mg/kg dosage group). 

Statistical comparisons were considered to show 
significant differences if p < 0.05. 


Results 


A dose-response curve for neuromuscular blockade 
was constructed using the log-probit method of Litch- 


field and Wilcoxon (5) for doses giving neuromuscu- 
lar blockade greater than 0% but less than 100% (dose 
groups 0.06, 0.1, 0.2, and 0.3 mg/kg). These data were 
then analyzed by computerized linear regressions 
yielding the straight-line relationship shown in Fig 2. 
The dose of atracurium derived from this line neces- 
sary to achieve 95% neuromuscular blockade (EDəs) 
was 0.20 mg/kg. 

The onset time to maximum blockade was dose 
related, as shown in Table 1. The times to recovery to 
95% of control twitch height are also listed in Table 
1. Recovery to 95% of control twitch height for the 
EDgs dose (0.2 mg/kg) averaged 44.1 minutes. Ad- 
ministration of 2 times the EDes (0.4 mg/kg) increased 
the duration of action by 44% to a mean time of 63.5 
minutes, whereas 3 times the EDgs (0.6 mg/kg) in- 
creased the duration of action only 72% to 75.7 min- 
utes. 

Using linear regression analysis, no relationship 
could be found between plasma cholinesterase activ- 
ity and duration of neuromuscular blockade. Repre- 
sentative graphs for the 0.2 mg/kg and 0.6 mg/kg 
doses with r values of 0.19 and 0.05, respectively (p 
< 0.05) are shown in Fig 3. 

After recovery from the initial dose of atracurium, 
neuromuscular blockade was reestablished and then 
maintained with bolus doses of 0.08 mg/kg of atra- 
curium, administered when patients had recovered to 
approximately 25% of base line twitch height (i.e., 
suppression was approximately 75%). This mainte- 
nance dose increased suppression to approximately 
95% of base line twitch height, which then took 
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Fia 2. Dose-response curve for atracurium (BW 33A) shown 


with dose-response curves for d-tubocurarine, pancuronium, 
and metocurine for comparison (4, 6). 
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TABLE 1 
Neuromuscular and Cardiovascular Effects of Atracurium (BW 33A)* 
25% to 75% 
Dru Dose N Block 
g 2 Onset 85% recovery recovery Biood pressure Heart rate 
mg/kg % min % control 

BW 33A 0.06 10 4.8 + 9.0/2.9 6.0 +1.8/1.04¢ 18.4 + 0.9/0.6§ ooo 99.0 + 4.5/1.4 100.0 + 2.6/0.8 
BW 33A 0.10 10 50.9 + 32.4/10.2 4.4 + 0.8/0.3 23.2 + 6.5/2.2 ne 99.5 + 3.4/1.1 99.2 + 3.1/1.0 
BW 33A 0.20 16 94.1 + 12.1/3.9 4.0 + 1.96/0.5 44.41 + 9.6/2.4 12.3 + 2.6/0.7} 96.3 + 11.3/2.8 100.1 + 4.7/1.2 
BW 33A 0.30 10 99.2 + 1.5/0.5 2.6 + 0.9/0.3 48.7 + 2.6/2.4 10.4 + 3.1/1.0 98.7 + 3.5/1.1 99.4 + 3.7/1.2 
BW 33A 0.40 10 99.8 + 0.4/0.1 1.7 + 0.6/0.2 63.5 + 8.5/2.7 11.4 + 2.3/0.7 99.4 + 3.0/.95 102.3 + 3.3/1.0 
BW 33A 0.50 10 100.0 1.7 t 0.5/0.1 67.6 + 17.2/64 11.8 + 2.8/0.9 86.7 + 19.3/6.1 105.5 + 5.3/1.74§ 
BW 33A 0.60 10 100.0 1.4 + 0.5/0.2 75.7 +10.0/3.2 12.3 + 2.4/0.7 79.5 + 17.9/5.7 108.3 + 12.4/3.9f 
dTct 0.50 16 98.4 3.9 + 0.9* 137.0 + 9.6*** 52.2 + 42* 
BW33A 0.20 16 94.1 4.0 + 0.5” 38.6 + 2.5%** 12.340:7° | p < 0.001 for 75% recovery 





* Values are means + SD/SE. 


+ From Savarese et al (6) and Ali HH, Savarese JJ, Donion JV, et al. Comparative study between BW(Y100) (compound AA136) “a new short 
acting nondepolarizing neuromuscular blocking agent,” pancuronium, and d-tubocurarine. Abstracts of Scientific Papers, Annual Meeting of the 
American Society of Anesthesiologists, 1975, Hollywood, Florida, pp 195-6. Data included for comparison. 


EN= 3. 
§N = 2. 
| N = 14. 


{| p = < 0.05 versus control. 
* Values are means + SE. 
** To 75% recovery. 
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Fic 3. Plasma cholinesterase activity and duration of action of 
atracurium (BW 33A) (p > 0.05), 0.2 mg/kg (left) or 0.6 mg/kg 
(right) doses, demonstrate no correlation. This helps confirm 
lack of hydrolysis of atracurium by plasma cholinesterase. 


approximately 16 minutes to recover to 25% of base 
line. With repeated dosing in this manner (one patient 
received 12 maintenance doses), there was no evi- 
dence to suggest that either the amount or the dura- 
tion of suppression increased with increasing number 
of doses. 

The 25% to 75% recovery times (time for the first 
twitch in the train-of-four to recover from 25% of 
control height to 75% of control levels) for the initial 
and final doses of atracurium in 16 patients receiving 
at least four successive doses of atracurium were 11.8 
+ 1.19/0.5 (SD/SE) minutes and 13.2 + 2.5/0.6 min- 
utes, respectively. Correlated t-test analysis shows 
this 1.4-minuie difference to be statistically significant 
(p < 0.025). However, this difference is clinically of 
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Fig 4. Multiple doses of atracurium (BW 33A) show no clinically 
important cumulative effect. Each time first twitch of train-of-four 
had recovered to 25% of control twitch height, a fixed increment, 
0.08 mg/kg, of atracurium was given. Degree of neuromuscular 
blockade and time of recovery were essentially unchanged with 
each dose. 


little importance. Patient 62 in this study received 12 
successive doses of atracurium and the 25% to 75% 
recovery times were 10.0 and 12.3 minutes, respec- 
tively, for the initial and final doses. In Fig 4 values 
for a patient who received multiple doses of atracu- 
rium are depicted; note the lack of cumulation and 
that the train-of-four recovery pattern is the same for 
the first and last doses. 

In eight subjects, residual atracurium blockade was 
readily antagonized with neostigmine (0.06 mg/kg) 
and atropine (0.03 mg/kg) as shown in Fig 5. The data 
are shown in Table 2. 

In Table 3 reversal of atracurium by neostigmine is 
compared with reversal of metocurine (4) for a small 
group of patients with moderate (64% to 85% twitch 
depression) neuromuscular blockade. Although the 
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Fig 5. Representative recording show that reversal of atracu- 
rium-induced neuromuscular blockade is easily accomplished 
using neostigmine, 0.06 mg/kg, and atropine, 0.03 mg/kg. 


TABLE 2 

Antagonism of Atracurium-induced Neuromuscular Blockade 
by Intravenous Neostiqmine (0.06 mg/kg) and Atropine 
(0.03 mg/kg) 


Twitch height at time of reversal Time to 95% recovery 





% control min 
15 10.5 
17 4.5 
31 5.0 
36 9.0 
58 5.5 
64 5.5 
82 3.5 
90 0.75 

TABLE 3 


Comparative Reversals of Atracurium and Metocurine by 
Neostigmine* 








No. of % twitch Neostig- Time tọ 
atients inhibition mine 98% of 
p (range) dose control 
mg/kg min 
BW 33A 4 75.3 (64-85) 0.06 8.2 + 1.4 
Metocurinet 6 79.0 (75-85) 0.05 7.6 + 0.4 





* Atropine, 0.03 mg/kg, was given to each subject along 
with the neostigmine. 
t From Savarese et al (4). 


dose of neostigmine is slightly higher in patients given 
atracurium, the data suggest that atracurium block is 
readily reversible and requires similar neostigmine 
dosage as metocurine reversal. The time required for 
neostigmine antagonism of this degree of blockade by 
the two drugs also seems comparable (4). 

In Table 1 is seen that at all doses up to and 
including 2 times the EDəs (0.4 mg/kg), atracurium 
produced no statistically significant changes in arterial 


pressure or heart rate when paired t-test comparisons 
were made between control values and maximum 
changes from control values within the first 10 min- 
utes after the administration of atracurium. At 2.5 (0.5 
mg/kg) and 3 times (0.6 mg/kg) the EDgs dose, there 
were mild decreases in arterial pressure to 86.7% and 
79.5% of control levels, respectively, and mild in- 
creases in heart rate to 105.5% and 108.3% of control 
levels, respectively (Fig 6). Changes in arterial pres- 
sure were statistically significant only at the 0.6 mg/ 
kg dose { p < 0.05). Heart rate changes were significant 
for both the 0.5 mg/kg and 0.6 mg/kg doses (p < 
0.05). These changes were of short duration, the max- 
imal effect occurring 1 to 1.5 minutes after drug 
injection with a total duration of less than 5 minutes. 
These cardiovascular changes were associated with 
slight facial flushing. 


Discussion 


This study has shown atracurium to be a potent 
non-depolarizing blocking agent. Atracurium is 2.5 
times more potent than d-tubocurarine, approxi- 
mately 50% more potent than metocurine, and one 
fourth to one third as potent as pancuronium. At 
doses up to the approximate EDs and EDgs (0.2 and 
0.3 mg/kg, respectively), the onset of action of atra- 
curium is comparable to other clinically used non- 
depolarizing relaxants (4, 6) and is dose related.§ For 
example, by doubling the dose from 0.2 to 0.4 mg/ 
kg, onset to maximum blockade was shortened from 
4.0 to 1.7 minutes, although the total duration of 
effect increased by only approximately 19 minutes or 
44% (Table 1). The time to and ease of intubation 
were not evaluated in the present study. Payne and 
Hughes (3), however, showed that in six patients 
receiving 0.3 mg/kg of atracurium, intubation was 
easily accomplished within 1.5 to 2.0 minutes, and in 
six patients given 0.6 mg/kg of atracurium intubation 
was accomplished within 1 minute. In our study, the 
onset times to maximum block at 0.3 and 0.6 mg/kg 
of atracurium were 2.6 and 1.4 minutes, respectively. 
These onset times suggest that in this dose range of 
atracurium, intubation might be accomplished within 
2 to 3 minutes, or less. 

The duration of action of atracurium is relatively 
short compared with other non-depolarizing agents, 


{| Ali HH, Savarese JJ, Donlon JV, et al. Comparative study 


between BW(Y100) (compound AA136) “a new short acting non- 
depolarizing neuromuscular blocking agent,” pancuronium, and d- 
tubocurarine. Abstracts of Scientific Papers, Annual Meeting of the 
American Society of Anesthesiologists, Oct 11-15, 1975, Chicago, 
Illinois, pp 195-6. 
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FiG 6. Mean neuromuscular, heart rate, and blood pressure 
responses to atracurium (BW 33A) at various doses (left). Neu- 
romuscular and cardiovascular effects of metocurine (right) are 


lasting approximately one third as long as currently 
used non-depolarizing drugs. In addition, the consist- 
ent pattern of recovery observed after repeated doses 
of atracurium for maintenance of neuromuscular 
blockade indicates that it is essentially a noncumula- 
tive relaxant. 

In those few instances in which antagonism of 
residual block was necessary, it was easily accom- 
plished by administration of neostigmine and atro- 
pine. The speed of reversal was comparable to rever- 
sal of metocurine-induced blockade at a similar de- 
gree of blockade. 

The intermediate duration of action and the lack of 
cumulative effects of atracurium are probably due to 
its unique manner of decomposition and metabolism. 
The molecule was deliberately structured to decom- 
pose spontaneously at physiologic pH and normal 
body temperature by a base-catalyzed reaction termed 
the Hofmann elimination (1) (Fig 1). In this reaction, 
the protons on the alpha-carbon atoms (carbon atoms 
located adjacent to the carbonyl carbon atoms) are 
acidic. At physiologic pH, a proton can dissociate 
from the alpha-carbon, leaving an electronegative 
charge. This allows cleavage of the bond between the 
beta-carbon (at the end of the intermediate chain of 
atracurium) and the positively charged nitrogen atom. 
This cleavage yields an inactive tertiary amine and a 
diolefin diester as shown in Fig 1. Experiments in 
animals (Hughes and Chapple [2]), in which the pH 
was increased from 7.31 to 7.63 by hyperventilation, 
yielded a significant reduction in the amount and 
duration of block by atracurium, confirming by infer- 
ence in vivo occurrence of the Hofmann elimination 
as this is a base-catalyzed reaction. 

An alternate metabolic pathway is also shown in 
Fig 1. This is believed to be enzymatic hydrolysis of 
the ester yielding two monoquaternary carboxylic 
acids and a dialcohol. This enzymatic hydrolysis is 
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shown for comparison (4). At equipotent neuromuscular block- 
ing doses, atracurium produces less cardiovascular effects than 
does metocurine. 


probably not dependent on plasma cholinesterase for 
the following reasons: atracurium is not a choline 
ester; in vitro hydrolysis in normal human serum and 
in plasma cholinesterase-deficient human serum is 
not different (3); and, in the present study, there is no 
correlation between duration of action of atracurium 
and plasma cholinesterase activity. It is also interest- 
ing to note that in the study of Payne and Hughes (3) 
in humans, decreasing plasma pH from 7.50 to 7.35 
did not increase the duration of action of atracurium, 
suggesting that the enzymatic ester hydrolysis is func- 
tioning more efficiently at the lower pH. Thus, the 
relative roles of the enzymatic hydrolysis and Hof- 
mann elimination in man have yet to be determined. 
It may be that each is important, depending on the 
extracellular pH. 

Hughes and Chapple (2) also investigated the role 
of the liver and kidneys in the elimination of atracu- 
rium in cats. The doses of atracurium necessary to 
produce 50% blockade when given via the jugular 
vein or the hepatic vein were not significantly differ- 
ent. Further, the EDso was not significantly changed 
following renal pedicle ligation, nor was the time to 
recovery significantly prolonged. Thus, in animals 
neither uptake or metabolism by the liver nor elimi- 
nation by the kidneys appears to be absolutely nec- 
essary for recovery from the effects of atracurium. 
Further studies in man are needed to confirm these 
initial findings in animals. 

The cardiovascular responses to atracurium as a 
function of degree of neuromuscular blockade in this 
study were found, under similar anesthetic condi- 
tions, to be more favorable than those associated with 
metocurine (4), the relaxant currently acknowledged 
to have the least effect on the cardiovascular system. 
Payne and Hughes (3) found no significant change in 
either arterial pressure or heart rate at doses up to 0.6 
mg/kg (3 times the EDgs), whereas in the present 
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study, we found slight decreases in arterial pressures 
and slight increases in heart rate at doses greater than 
0.4 mg/kg. The decreases in arterial pressure and the 
increase in heart rate noted in the present study 
peaked at 1 to 1.5 minutes, had disappeared within 5 
minutes, and were often associated with slight facial 
flushing. The latter may be due to a relatively weak 
histamine-releasing property. 

The following, in summary, can be said of atracu- 
rium: (a) It is a potent non-depolarizing neuromus- 
cular blocking agent with approximately one third the 
duration of action of currently used non-depolarizing 
relaxants. (b) It has a rapid onset of action, especially 
at 2 times the EDəs dosage, which suggests that intu- 
bation may be accomplished within approximately 2 
to 3 minutes at this dosage. Further clinical studies 
are needed to confirm this initial clinical impression. 
(c) It has less cardiovascular side effects than meto- 
curine at comparable neuromuscular blocking doses, 
and has little or no cardiovascular effects at up to 2 
times the EDgs. By comparison (Fig 4), metocurine 
begins to show signs of histamine release at approxi- 
mately 1.3 times the EDəs. (d) It does not show any 
clinically important cumulative effects. (e) Initial met- 
abolic studies suggest that atracurium undergoes a 
unique decomposition in plasma to inactive metabo- 
lites via the Hofmann elimination (2, 3). It may also 
undergo ester hydrolysis by an enzymatic pathway 


that does not involve plasma cholinesterase (3). (£ ) In 
animals, initial work suggests that atracurium is not 
dependent on liver metabolism or renal elimination 
for termination of its action (2). ( g) Its action is readily 
antagonized by neostigmine. 

For these reasons, atracurium is an intermediate- 
duration non-depolarizing neuromuscular blocking 
agent of significant clinical potential and should un- 
dergo more extensive clinical trials. 
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The neuromuscular effects of atracurium were studied in 25 A.S.A. class | or Il patients anesthetized by a N2O-O2 
narcotic technique. In five patients incremental doses of 0.05 to 0.1 mg/kg of atracurium were given intravenously 
every 3 minutes until approximately 95% depression of the evoked electromyographic (EMG) response of the adductor 
policus muscle was produced. This required 0.25 to 0.35 mg/kg of atracurium. The duration of block (return to 95% 
of control) was 25 to 50 minutes. In addition, four groups of five patients each received 0.15, 0.25, 0.375, or 0.6 mg/ 
kg of atracurium. The block produced by 0.15 mg/kg was 10% to 92% and lasted 8 to 55 minutes. The block 
produced by 0.25, 0.375, and 0.6 mg/kg was 95% or greater with a duration of action of 30 to 68 minutes, 52 to 70 
minutes, and 65 to 95 minutes, respectively. Tracheal intubation was easily carried out in all patients in whom there 
was a block of 90% or greater. The block could be antagonized by the common clinica! combination of atropine and 
neostigmine. Changes in heart rate and blood pressure following atracurium were less than 5%. 


Key Words: NEUROMUSCULAR RELAXANTS: atracurium. 





TRACURIUM (BW 33A) is one of a new series 
of neuromuscular blocking agents developed 
by Stenlake (1). Its structural formula is shown in Fig 
1. In animal studies carried out by Hughes and Chap- 
ple (2), atracurium was shown to be a non-depolar- 
izing neuromuscular blocking agent with little or no 
cardiovascular effect. Because of the promising results 
in animals, Payne and Hughes (3) in England studied 
atracurium in anesthetized patients and found the 
drug to possess many desirable properties. Recently, 
this drug has become available for clinical investiga- 
tion in the United States. In this paper, we report the 
neuromuscular effects of atracurium in anesthetized 
patients. 
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Methods 


Twenty-five patients undergoing surgery, who were 
between 18 and 60 years old, weighing 48 to 96 kg, 
A.S.A. class I or II, and free of neuromuscular disease, 
were studied. Informed patient consent was obtained 
and the study was approved by the University of 
California, Los Angeles Human Subject Protection 
Committee. Most patients received meperidine, 25 to 
75 mg, intramuscularly (IM) or intravenously (IV) (18 
patients) and/or diazepam, 2.5 to 10 mg IV (17 pa- 
tients) before induction of anesthesia, which was car- 
ried out with thiopental, 1 to 6 mg/kg. Anesthesia 
was maintained with nitrous oxide-oxygen (60%/40%) 
supplemented with intravenous narcotics or thiopen- 
tal. No muscle relaxants other than atracurium were 
given. In the 20 patients in whom the trachea was 
intubated because of clinical indications, intubation 
was done after atracurium was given. After the muscle 
relaxant was given, ventilation was controlled to 
maintain normal acid-base balance. Blood pressure 
and heart rate were monitored by the Riva Rocci 
technique and from the electrocardiogram. The mon- 
itoring interval for blood pressure was 1 minute for 
the time period 3 minutes before atracurium injection 
to 5 minutes after injection. At other times, the mon- 
itoring interval was 1 to 5 minutes as clinically indi- 
cated, Heart rate was continuously monitored. 
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Neuromuscular transmission was monitored as pre- 
viously described (4). Briefly, the ulnar nerve was 
stimulated at the wrist via 25-gauge needles subcuta- 
neously placed. Supramaximal stimuli of 0.3 msec 
duration were applied at a frequency of 0.15 Hz. The 
electromyographic (EMG) activity of the adductor 
pollicus muscle was continuously recorded. 

In the first five patients, a dose of 0.05 to 0.1 mg/ 
kg was injected intravenously every 3 minutes in an 
attempt to produce a 95% neuromuscular block. The 
next 20 patients, divided into four groups of five 
patients each, were given intravenous doses of 0.15, 
0.25, 0.375, or 0.6 mg/kg of atracurium. When clini- 
cally possible, recovery to 95% of control levels was 
measured. In some patients, additional doses of atra- 
curium were given as clinically required, and the 
effects of the drug were antagonized with neostig- 
mine, 2.5 mg, following administration of atropine, 1 
mg. 


Results 


The neuromuscular effects of cumulative doses 
given the first five patients are listed in Table 1. Note 
the variability of responses to the three doses that all 
five patients received (Table 1, A). Doses of 0.25 to 
0.35 mg/kg produced blocks of 90% to 100% which 
lasted 26 to 50 minutes (Table 1, B). In one patient, 
antagonism of the block was required because of a 
briefer duration of surgery than anticipated. An ex- 
ample of the cumulative dose response is shown in 
Fig 2. 

In Table 2 are shown the percent block, onset time, 
and duration to 95% recovery of 0.15, 0.25, 0.375, and 


TABLE 1 
Cumulative Doses of Atracurium 


A. Percent of block produced 
by cumulative doses: 


B. Cumulative doses required to 
produce approximately 95% block 


Dura- 
0.1 mg/ 0.2 mg/ 0.25 mg/ . tiont to 
kg kg kg Dose Block Onset 95% re- 
covery 
mg/kg % min 
0 15 25 0.25 90 10 38 
O 25 62 0.25 92 11 50 
0 50 82 0.30 92 12 26 
8 59 90 0.35 95 17 48 
g 12 _ 81 92 0.35 100 14 —t 


* Onset, time from initial dose to peak effect. 
t Duration, time from peak effect to 95% recovery. 
Block was antagonized before duration could be measured. 
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Fic 1. Structural formula of atracurium and its metabolic path- 
ways. 
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Fig 2. Electromyographic effects of four doses of atracurium 
to a total of 0.3 mg/kg. Block was profound but there was rapid 
recovery. 


0.6 mg/kg of atracurium given as a single bolus. An 
example of the variability of response is shown in Fig 
3. A comparison of the effect of 0.25 mg/kg of 
atracurium when given by the cumulative technique 
as compared with a single bolus can be obtained by 
comparing Table 1, A and Table 2. Note that a greater 
effect was obtained when bolus doses were given. 
With the cumulative technique, the blocks varied 
from 25% to 92%, whereas with the bolus technique, 
the blocks varied from 95% to 100%. 

In five of the 25 patients, it was necessary to 
antagonize the neuromuscular block with neostigmine 
preceded by atropine. The percent block at the time 
of antagonism varied from 10% to 90%. Antagonism 
to 95% of control response required 10 minutes or 
less. An example of antagonism of the atracurium 
neuromuscular block is shown in Fig 4. 

The heart rate and blood pressure in the 5 minutes 
following atracurium injection differed less than 5% 
from the 3-minute time period before atracurium 
injection. Systolic pressure was 82 to 140 (mean 110) 
torr, diastolic pressure 50 to 90 (mean 68) torr, and 
heart rate 56 to 105 (mean 72) beats per minute. 


ANESTHESIA AND ANALGESIA 
Vol 61, No 9, September 1982 731 


ATRACURIUM NEUROMUSCULAR EFFECTS 


TABLE 2 
Neuromuscular Effects of Atracurium* 





Duration to 95% 





% of block at various doses Onset 
recovery 
min 
0.15 mg/kg 
10 8 8 
13 8 26 
77 9 30 
80 9 32 
92 6 55 
0.25 mg/kg 
95 5.5 30 
95 7 34 
97 3.5 68 
100 4 — 
100 T — 
0.375 mg/kg 
95 10 56 
100 4 54 
100 4.5 70 
100 5 59 
100 6.5 52 
0.6 mg/kg 
100 2.5 70 
100 2.5 95 
100 3 70 
100 4 65 
100 4 67 





* Onset time. from injection of drug to peak effect; duration, 
from time of peak effect to 95% recovery. 
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Fig 3. Electromyographic effects of 0.15 mg/kg of atracurium. 
Note minimal effect of this dose in one patient (top). Greater 
magnitude of block and longer duration of action are shown in 
another patient (middie and bottom). 


Endotracheal intubation was carried out in 20 of 25 
patients. The speed with which intubation could be 
carried out was not determined as we wished to 
determine the cardiovascular effects of atracurium in 
the first 5 minutes following atracurium injection in 
the absence of any stimulation. Once this 5-minute 
period had passed, all patients with a block of 90% or 
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Fig 4. Antagnoism of atracurium neuromuscular block. Arrow 
A indicates point at which atropine, 1 mg, and neostigmine, 2.5 
mg, were given. Note antagonism of block. 


greater could be intubated with ease. In patients given 
0.375 or 0.6 mg/kg, conditions were excellent, with 
the cords widely adducted and no response to either 
intratracheal spray of 4% lidocaine or to intubation. 
Of the 10 patients given either 0.25 mg/kg as a bolus 
or cumulative doses of 0.25 to 0.35 mg/kg of atracu- 
rium, the cords were adducted in all 10 and there was 
no response to topical spray or intubation in seven. 
In the remaining three patients, a barely perceptible 
cough or coughs of 2 to 3 seconds’ duration was 
observed. Patients who received 0.15 mg/kg of atra- 
curium were not intubated. 


Discussion 


Following the development of atracurium by Sten- 
lake (1), the drug was studied by Hughes and Chapple 
(2) in animals and by Payne and Hughes in man (3). 
The former investigators, using the isolated check 
biventer-cervices preparation, observed that atracu- 
rium produced a competitive or non-depolarizing- 
type block without producing an initial contracture 
(seen with depolarizing agents). The block could be 
antagonized by physostigmine or edrophonium. Ad- 
ditional studies in the cat, dog, and rhesus monkey 
confirmed that atracurium was a non-depolarizing 
neuromuscular blocking agent that could be antago- 
nized by edrophonium and neostigmine. 

A comparison of doses producing twitch depression 
with doses inhibiting vagal nerve stimulation-induced 
bradycardia showed that atracurium caused apprecia- 
ble vagal blockade only at doses 16 times greater than 
the full neuromuscular paralyzing dose. There was 
also a large difference between the neuromuscular 
paralyzing dose and the dose required to inhibit the 
hypertensive response to bilateral common carotid 
artery occlusion or the contraction of the nictitating 
membrane induced by sympathetic stimulation. 
Hughes and Chapple (2) also showed a wide separa- 
tion between doses causing neuromuscular effects 
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and those causing changes in heart rate or blood 
pressure. For example, in the cat, the doses that 
produced a 40% decrease in blood pressure and a 5% 
decrease in heart rate were 16 times greater than the 
dose required to produce 100% depression of twitch 
response. Similar wide separation of neuromuscular 
and cardiovascular effective doses were observed in 
the rhesus monkey and dog. Additional hemody- 
namic studies in the dog measuring phasic aortic flow, 
cardiac output, or peripheral resistance again revealed 
a wide separation between neuromuscular-effective 
and cardiovascular-effective doses with larger doses 
required to produce cardiovascular effects. Evidence 
of histamine release was found only after administra- 
tion of doses of atracurium 8 times the neuromuscular 
paralyzing dose. 

Hughes and Chapple (2) studied the elimination of 
atracurium. They found that neither the liver nor the 
kidney played a major role in metabolism or elimi- 
nation of atracurium. They further observed that atra- 
curium was broken down by Hofmann elimination 
(Fig 1) and that in vitro this nonenzymatic decompo- 
sition increased at least 3-fold when pH was increased 
from 6.9 to 7.6, At present, no other available muscle 
relaxant undergoes this kind of degradation at phys- 
iologic pH. Another likely metabolic pathway is via 
enzymatic ester hydrolysis (Fig 1). 

Following these promising results in animals, Payne 
and Hughes (3) studied atracurium in man. They 
studied doses ranging from 0.05 to 0.6 mg/kg. In 
patients under balanced anesthesia a dose of 0.2 mg/ 
kg produced 74% depression of the mechanically 
recorded twitch, whereas 0.3 mg/kg produced 100% 
block in most patients. Spontaneous recovery from 
atracurium was faster than with dimethyl tubocurar- 
ine, tubocurarine, pancuronium, or fazadinium. The 
atracurium block could be antagonized by neostig- 
mine. Endotracheal intubation in patients receiving 
thiopental followed by atracurium could be carried 
out within 2 minutes after a dose of 0.3 mg/kg of 
atracurium and within 1 minute in patients given 0.6 
mg/kg. Minimal cumulative effect was seen with 
atracurium. Doses of 0.2, 0.3, and 0.6 mg/kg of atra- 
curium did not change arterial pressure or heart rate. 

In the present study, the response to atracurium 
was found to vary from patient to patient. This was 
not a surprising finding as we have previously shown 
that for both d-tubocurarine (5) and pancuronium (6) 
the responses of patients differ markedly. In the 
present study, a dose of 0.15 mg/kg could produce as 
little as a 10% block lasting 8 minutes or a 92% block 
lasting 55 minutes. We also observed that, as we 


previously reported for pancuronium (6), knowing 
the percent block did not enable accurate prediction 
of the duration of action. Patients with comparable 
blocks produced by atracurium had durations of 
blocks that differed by as much as 100%. 

We also found that atracurium doses of 0.25 mg/ 
kg or larger produced conditions suitable for endotra- 
cheal intubation. It is not possible to state how rapidly 
intubation could be carried out as we did not attempt 
intubation until 5 minutes after the drug was given in 
order to determine heart rate and blood pressure 
effects of atracurium in the absence of any stimula- 
tion. Of the patients who received 0.25 or 0.375 mg/ 
kg of atracurium in a bolus or 0.25 to 0.35 mg/kg by 
cumulative dose and were then intubated, sponta- 
neous recovery occurred in 30 to 59 minutes in 11 
patients and in 65 and 70 minutes in two other 
patients. In the remaining two patients, clinical cir- 
cumstances did not permit determination of recovery 
time. A drug that permits endotracheal intubation and 
that wears off in 1 hour or less is certain to be of great 
clinical value. Even with the largest dose of atracurium 
studied (0.6 mg/kg), spontaneous recovery occurred 
in 1 to 1.5 hours. In addition, in the present study and 
in other studies in progress, the atracurium block was 
easily antagonized by neostigmine after periods as 
short as 20 minutes. Although we did not study the 
rapidity with which patients could be intubated after 
atracurium, we are surprised that Payne and Hughes 
(3) were able to intubate patients within 1 minute 
after 0.6 mg/kg of atracurium or within 2 minutes 
after 0.3 mg/kg. Based on the times of onset of block 
in the present study and our past experience with 
pancuronium, it is our guess that intubation could 
have been carried out within 2 minutes after a dose 
of 0.6 mg/kg and within 3 minutes after a dose of 0.3 
mg/kg. 

It is not possible to compare the results of our study 
with that of Payne and Hughes (3) because of major 
differences in experimental design. Most of their pa- 
tients received halothane to facilitate intubation and 
it was then discontinued in some, but not all, patients. 
They also measured tetanic as well as twitch re- 
sponses, the former being more sensitive in terms of 
speed of onset of depression but giving a longer 
apparent duration of block. In addition, they studied 
mechanical responses, which measure not only neu- 
romuscular transmission but also any possible muscle 
effects, whereas we measured electromyographic re- 
sponses which only assess neuromuscular transmis- 
sion. In a previous study of d-tubocurarine (7), we 
found that the EMG twitch depression of the adductor 
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pollicus was usually 10% to 15% less than the simul- 
taneously recorded mechanical twitch produced by 
the same muscle. We do not know whether this is 
true for atracurium, although this is currently under 
investigation. 

An interesting observation of the present study is 
that the dose required to produce a given percent of 
block depends on whether the dose is given by single 
bolus or in a cumulative manner. Under the condi- 
tions of this study in which doses were given 3 
minutes apart, lesser effect was seen with 0.25 mg/kg 
given by the cumulative method than with a bolus 
dose of 0.25 mg/kg of atracurium. A similar conclu- 
sion can be drawn when comparing the effect of 0.2 
mg/kg given by the cumulative technique, which 
produced a mean block of 46%, whereas a single dose 
of 0.15 mg/kg produced a mean block of 67%. Thus, 
in future comparisons of the work of different inves- 
tigators, the technique of construction of dose-re- 
sponse curves (whether cumulative or bolus tech- 
nique) must be taken into account. 

Having just pointed out the many differences be- 
tween our study and that of Payne and Hughes, both 
studies nevertheless agree that: (a) atracurium is ca- 
pable of providing conditions suitable for endotra- 
cheal intubation without producing cardiovascular 
effects, (b) intubating doses of atracurium have a 
shorter duration of action than other currently avail- 
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able non-depolarizing agents, and (c) the neuromus- 
cular block produced by atracurium is readily antag- 
onized by neostigmine. 

Because we are simultaneously studying ORG NC 
45, we would mention that at the present stage of our 
studies with both drugs, we feel that if the drugs were 
appropriately diluted and given to us in unlabeled 
syringes and then administered with the aid of a 
peripheral nerve stimulator, we would be unable to 
distinguish between ORG NC 45 and atracurium in 
terms of onset of action, magnitude of effect, duration 
of action, or cardiovascular effects. 


REFERENCES 


1. Stenlake JB. Ions-cyclic nucleotides-cholinergy. In: Stoclet JC, 
ed. Advances in pharmacology and therapeutics. New York: 
Pergamon Press, 1979;303-7, 

2. Hughes R, Chapple DJ. The pharmacology of atracurium: a 
new competitive neuromuscular blocking agent. Br J Anaesth 
1981;53:31-44. 

3. Payne JP, Hughes R. Evaluation of atracurium in anaesthetized 
man. Br J Anaesth 1981;53:45-54. 

4. Lee C, Katz RL, Lee ASJ, Glaser B. A new instrument for 
continuous recording of the evoked compound electromy- 
ogram in the clinical setting. Anesth Analg 1977;56:260-70. 

5. Katz RL. Neuromuscular effects of d-tubocurarine, edrophon- 
ium and neostigmine in man. Anesthesiology 1967;28:327-36. 

6. Katz RL. Clinical neuromuscular pharmacology of pancuro- 
nium. Anesthesiology 1971;34:550-6. 

7, Katz RL. Electromyographic and mechanical effects of suxa- 
methonium and tubocurarine on twitch, tetanic and post-te- 
tanic responses. Br J Anaesth 1973;45:849-59. 


a 


ae 


ANESTH ANALG 
1982;61:735~40 


Comparison of Venous Admixture during High- 
Frequency Ventilation and Conventional Ventilation in 
Oleic Acid-Induced Pulmonary Edema in Dogs 
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ScHUSTER, D. P., SNYDER, J. V., AND KLAIN, M.: Comparison of venous admixture during high-frequency ventilation 
and conventional! ventilation in oleic acid-induced pulmonary edema in dogs. Anesth Analg 1982;61:735-40. 


High-frequency jet ventilation (HF JV) was compared with conventional ventilation during oleic acid-induced pulmonary 
edema in dogs. HFJV, when combined with positive end-expiratory pressure (PEEP), returned arterial Po, (Pao,) and 
venous admixture to preoleic acid levels, even with tidal volumes as low as 4.& ml/kg and rates of 300 min™'. When 
HFJV was compared with conventional (low-frequency, high tidal volume) ventilation at the same Fio, and level of 
PEEP, Pao, was lower and venous admixture higher with HFJV. However, venous admixture was lower with HFJV 
when comparisons were made at the same peak airway pressure, because of a higher level of PEEP compared with 
conventional ventilation. At each level of PEEP, cardiac and stroke indices were not different between the two methods 
of ventilation. The ability to eliminate CO; with lower peak airway pressures or to increase PEEP without further 
increases in peak airway pressure are the primary advantages of HFJV during severe lung injury. Oxygenation is as 
efficient during HFJV as during conventional ventilation in this model of pulmonary edema when comparisons are 


made at the same peak airway pressure, but less efficient at the same PEEP. 


Key Words: VENTILATION: high frequency; LUNG: venous admixture. 


URRENT techniques of mechanical ventilation 

during respiratory insufficiency provide ade- 
quate CO, elimination and improved arterial oxygen- 
ation in the majority of cases. Recently, however, a 
number of investigators (1-4), using a variety of tech- 
niques, have suggested on the basis of a limited 
patient experience that high-frequency ventilation 
may improve arterial oxygenation at lower airway 
pressures. We report the use of one form of high- 
frequency ventilation, namely, high-frequency jet 
ventilation (HFJV) (5) in an experimental model of 
pulmonary edema induced by oleic acid. In these 
experiments, we attempt to define more clearly the 
potential utility of HFJV and to elucidate the mecha- 
nisms by which this technique might improve arterial 
oxygenation, by making comparisons of gas exchange 
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and hemodynamics at comparable airway pressures 
and inspired oxygen concentrations. 


Methods 


Eighteen mongrel dogs of either sex, weighing 10 
to 20 kg each, were anesthetized with 25 to 30 mg/kg 
of sodium thiopental. Additional drug was given as 
needed to suppress spontaneous breathing. Following 
tracheal intubation with a 9.0-mm i.d. endotracheal 
tube, the dogs were ventilated initially with a Harvard 
pump respirator at a tidal volume of 12 to 15 ml/kg 
(mean 14.0). The rate was adjusted to bring arterial 
CO: tension (Pacp,) and pH into the normal range. 
This ventilation pattern is referred to as conventional 
ventilation (CV). Intravenous fluids and medications 
were given via a peripheral vein. Arterial pressure 
was measured via PE 90 tubing inserted into the 
femoral artery. A thermistor-tipped pulmonary arte- 
rial catheter (Edwards Laboratories #5 French) was 
positioned via the femoral vein. Correct position of 
the catheter was assumed if the pressure tracings 
changed from those typical of the pulmonary artery 
to “wedge”-type pressures after introduction of 0.8 
ml of air into the balloon at the catheter tip. Airway 
pressure (AWP) was measured at the tip of the tra- 
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cheal tube via PE 90 tubing. All catheters were saline 
filled and connected to Statham P23-ID pressure 
transducers. Vascular catheters were leveled at a 
height of 5 cm above the operating table. The airway 
pressure transducer was set at a level such that during 
expiration, in the control state, airway pressure de- 
creased to zero. All pressures and a lead II electrocar- 
diogram were recorded with a Grass model 7D poly- 
graph. 

Cardiac output was measured in triplicate, using 
the thermodilution technique (Edwards Laboratories 
model 9510-A computer) with injection of 3 ml of 5% 
dextrose in water at a temperature of 0 to 3°C. Arterial 
and pulmonary arterial blood gas tensions and pH 
were measured using an Instrumentation Laboratory 
813 blood gas analyzer. Venous admixture (Qva/Qt) 
was calculated with a computer program that utilized 
the standard form for the shunt equation, after cor- 
recting for temperature, pH, and COs and using a 
value for Pso of 26.6 torr. Heart and respiratory rates 
were measured from the recorded tracings and cardiac 
and stroke indices computed using a formula based 
on body surface area (BSA) (6): BSA = 0.12 (weight, 
kg)?”. Exhaled minute volume was measured with a 
Bourns LS 75 ventilation monitor and tidal volume 
was calculated as minute volume divided by respira- 
tory frequency. Mean airway pressure was calculated 
by digitizing the analog wave form of airway pressure 
over several respiratory cycles with a Graf pen sonic- 
digitizer, integrating the data with a Wang 600 com- 
puter, and dividing by time. 

HFJV was delivered using the apparatus shown 
schematically in Fig 1. A 50% oxygen-nitrogen mix- 
ture of gases from a cylinder was delivered via a Y- 
connector to the ventilator (5, 7) and to a 3-L reservoir 
bag via a flowmeter. The flowmeter, in turn, was 
attached via appropriate one-way valves to the en- 
dotracheal tube. Thus, the high-velocity jet and any 
entrained gas were at the same Os concentration 
(Fio,). The driving pressure (the major determinant of 
minute volume) for the gases into the ventilator was 
adjusted with a reducing valve. Inspiratory and expir- 
atory times were set separately using controls on the 
ventilator. Thus, tidal volume, inspiratory-to-expira- 
tory time (LE) ratio, and ventilatory frequency could 
be adjusted. Positive end-expiratory pressure (PEEP) 
was obtained by placing a combination of Boehringer 
and magnetic PEEP valves into the expiratory line; 
PEEP was measured at the tip of the endotracheal 
tube. 

After instrumentation, control data were recorded 
followed by administration of 0.1 ml/kg of oleic acid 
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Fic 1. Schematic drawing of apparatus used to provide high- 
frequency jet ventilation: 1, 50% O2/Ne gas cylinder; 2, high 
pressure tubing; 3, fluidic-controlled high-frequency ventilator; 
4, noncompliant small bore tubing; 5, 14-gauge, 10-cm length 
‘jet’ cannula; 6, 3-L reservoir bag; 7, low-resistance ''pop-off'' 
valve; 8, non-rebreathing T-piece; 9, exhalation port for applying 
PEEP and measuring exhaled minute volume; 10, endotracheal 
tube connection; 11, PE-90 tubing for measuring airway pres- 
sure. 


over 3 to 5 minutes into the right atrial port of the 
pulmonary arterial catheter (8). After 1.5 hours, the 
animals were divided into two groups and treated as 
described below. 


“Equal PEEP” Group (n = 10) 


In this group, comparisons of CV and HFJV were 
made at 0, 6, and 10 torr of PEEP. Each animal served 
as his own control and data were collected 45 to 60 
minutes after each ventilator change. At each level of 
PEEP, CV or HFJV was used in random order. During 
the initial application of PEEP, normal saline (15 ml/ 
kg) was administered over 30 minutes. Wedge pres- 
sure never exceeded 15 torr. In six animals, driving 
pressure was 40 psi and rate 300 min™’; in four, the 
driving pressure was 10 to 30 psi and the rate was 100 
min’. Inspiratory-to-expiratory time ratios between 
1:2 and 1:1 were used. In general, the higher driving 
pressures resulted in greater minute volumes and 
therefore lower Paco, levels. With this exception, no 
systematic differences in gas exchange were noted for 
the various ventilator settings, and therefore the group 
is considered as a whole. 


“Equal Peak AWP” Group (n = 8) 


In contrast to the above, ventilation modes in these 
animals were used in a prescribed order. As above, 
measurements were made 45 to 60 minutes after each 
change in ventilation. The sequence was CV (0 torr 
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TABLE 1 


Comparisons at Same PEEP and Fio, of High-Frequency Jet Ventilation (HFJV) and Conventional Ventilation (CV)* 





Control 
CV (n = 10) 7.5 + 1.4 39.2 + 6.1 
After oleic acid 
CV (n = 9) 13.0 + 3.2 $ 38.6 + 6.6 t 
HFJV (n = 9) 10.0 + 3.2 25.1 + 10.0 
CV (n = 10) 17.2 + 3.5 q 35.6 + 3.6 § 
HFJV {n = 10) 13.1 43.2 2/.42+ 8.8 
CV {n = 5) 42.7 + 8.1 
HFJV (n = 5) 34.2 + 8.2 


torr % 





torr L/min/m® | mi/min/m* 

213.8 + 3.8 18.7 + 4.8 66.5 + 11.7 24.8277 
89.1 + ate | 35.1 + 11.5 + 49.8 + 9.6 + 23.7 + 9.5 
66.6 + 20.4° | 44.3 + 10.5 41.8 + 1.6 19.7 + 6.8 
146.8 + pace 21.0 + 12.4 § 51.84 13.8 i 16.1 + 7.8 
105.0 + 47.2" | 28.8 + 12.6 43.9 4 11.5 14.6 + 6.2 
203.6 + ae 12.8 + 4.90 + 61.7 + 26.6 10.7 + 4.6 
166.8 + 73.6' | 17.6 + 7.2 55.4 + 19.7 12.0 + 5.8 


_ * Values are means + SD. All data obtained at Fio, of 0.5. Abbreviations used are: PEEP, positive end-expiratory pressure; AWP, airway pressure; 
Qva/Qt, venous admixture as percentage of total cardiac output; P¥o,, mixed venous oxygen tension; CI, cardiac index; SI, stroke index. Statistical 
analysis is of paired comparisons between ventilator types at the same level of PEEP. 


tp<0.05. 
tp < 0.025. 
§ p < 0.01. 
| p < 0.005. 
{ p < 0.001. 


PEEP), CV (8 torr PEEP), and HFJV (12 torr PEEP). In 
this way, CV (8 torr PEEP) was compared with HFJV 
(12 torr PEEP) at the same peak airway pressure. 


Statistics 


Statistical differences between CV and HFJV at the 
various levels of PEEP were assessed using Student’s 
t-test for paired data. 


Results 


Equal PEEP Group 


In these experiments, the effects of HFJV and CV 
are compared at the same levels of PEEP in the same 
animals. The results are presented in Table 1. Tidal 
volume during CV averaged 14.0 + 2.7 ml/kg, 
whereas it was 7.2 + 2.3 ml/kg during HFJV. These 
lower tidal volumes resulted in consistently lower 
peak airway pressures during HFJV at any given level 
of PEEP. In contrast, mean airway pressure (AWP) 
was not significantly different during HFJV at the 
same PEEP. Airway pressures in one animal during 
both modes of ventilation at 6 torr of PEEP are 
superimposed on one another in Fig 2. 

Arterial Po, was consistently lower and Qva/Qt 
higher during HFJV when compared with CV at sim- 
ilar levels of PEEP. In both systems, however, Pao, 
and Qva/Qt improved in direct proportion to the 
increases in PEEP. At 10 torr of PEEP, Qva/QOt had 
decreased to or below control levels with both sys- 
tems. 

Cardiac and stroke indices were not different in the 





i sec 
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Fia 2. Airway pressures (AWPs) (on ordinate) during HFJV are 
superimposed on wave form of AWP during single cycle of 
conventional ventilation (CV). AWPs were traced directly from 
chart recordings. Chart speed was 25 mm/sec. Horizontal lines 
indicate areas under AWP wave forms used to compute mean 
AWP during HFJV. Vertical lines indicate an analogous area for 
CV. Mean AWP during HFJV in this case was 8.7 torr: during 
CV, 7.3 torr. 


two systems, although both decreased as PEEP in- 
creased. Arterial blood pressure did not change sig- 
nificantly when HFJV was instituted. In contrast to 
these findings, the mixed venous Py, (PVo,) was lower 
during HFJV at all levels of PEEP, although not sig- 
nificantly at 10 torr of PEEP. Arterial Peco, was also 
consistently lower between ventilation modes at each 
level of PEEP (but again, not significantly at 10 torr of 
PEEP). This discrepancy occurred because high driv- 
ing pressures (and, therefore, minute ventilation) were 
used more frequently in those groups ventilated at 
the lower levels of PEEP. However, of 24 comparisons 
made at all levels of PEEP, eight were made with 
arterial Pco, within 5 torr of each other. In seven of 
these eight cases, the directional changes in Pao, and 
Qva/QOt were the same as for the group as a whole, 
and in the eighth case there was no difference in 
either direction. 
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TABLE 2 


Comparison of High-Frequency Jet Ventilation (HF JV) and Conventional Ventilation (CV) at Same Peak Airway Pressure but 


Different Levels of PEEP (n = 8)* 







torr 


Control 
CV 
After oleic acid 












7.6 + 1.4 1.8 + 8.2 



















CV 10.4 + 3.4} | 2.5 + 0.9} | 38.0+5.9 
CV 19.2 + 2.61 |11.0+1.1 | 39.2 + 6.9 
HEJV 198424 |14.7 + 0.89 


% 


38.6 + 8.2 | 233.1 + 17.9 










L/min/m? ml/rmin/m* 











14.0 + 5.2 4.96 + 1.97 | 25.0 + 8.8 


90.8 + 39.91 | 33.1 + 15.4ł| 43.0 + 11.2§ | 3.16 + 1.07ł | 20.1 + 5.6t 
174.8 + 55.0|| 
40.7 + 5.0 | 204.2 + 42.4ł 








12.2 + 4.9] |46.4 + 11.8 
7.7 + 2.28 | 42.6 + 10.0 


2.42 41.114 
2.12 + 1.06+ 


14.6 + 7.7|| 
10.7 + 5.9§ 









* Values are means + SD. All data obtained at Fio, of 0.5. Abbreviations and symbols of statistical significance are defined in Table 1 footnotes. 
Statistical analysis indicates comparison of each group with ventilation at previous level of PEEP. 


Same Peak AWP Group 


To see whether we could avoid the consistent de- 
crease in Pao, during HFJV, we took advantage of the 
smaller tidal volumes used during HFJV. To do this, 
we increased PEEP in this series of animals with each 
change from the Harvard pump respirator to HFJV; 
but adjusted driving pressure and rate so that peak 
airway pressure did not exceed that obtained during 
CV (with its larger tidal volumes) at the lower PEEP. 
These results are presented in Table 2. The data show 
that when PEEP was increased from 8 to 12 torr in 
changing to HFJV, Pao, and Qva/QOt improved, even 
though peak airway pressures were not different from 
one another. Cardiac and stroke indices decreased 
somewhat (probably because of the higher mean 
AWP), but it should be noted that no attempt was 
made to avoid this reduction with either additional 
volume expansion or inotropic agents. 


Discussion 


The data presented here demonstrate that HFJV is 
effective in conjunction with commonly used levels 
of PEEP as a means of reversing the hypoxemia 
associated with severe lung injury induced acutely by 
oleic acid. These results are supportive of reported 
animal and clinical experiences (2, 3, 8). In comparison 
to CV, HFJV was not as effective at decreasing Qva/ 
Ot at the same PEEP or mean AWP, but was equally 
effective at the same peak AWP. 

In these experiments, observations were made as 
paired comparisons, in which the order of ventilator 
sequence was random at each level of PEEP. Thus, the 
changes seen cannot be ascribed to the natural course 
of the lung insult. 

Mechanical ventilation exerts its influence on car- 
diac output primarily through its effect on AWP. By 
design, PEEP was the same when HEJV was compared 
with CV in the first group of experiments. Mean 
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AWP was also comparable at each level of PEEP. 
Thus, no significant differences in cardiac or stroke 
indices were observed. 

Some comparisons were made at different levels of 
“alveolar ventilation” (as determined by Paco,), as 
higher driving pressures (40 psi) resulted in greater 
COs elimination in these cases. Our intention here 
was to maximize gas velocity to optimize our chances 
of observing “enhanced diffusion” to low V/Q areas, 
as this mechanism has been invoked as a possible 
reason for reported improvements in oxygenation (4, 
10). Consequently, Paca, tended to be lower during 
HFJV than during CV. As venous admixture actually 
increased under these circumstances, other combina- 
tions of driving pressure, rate, and inspiratory time 
were tried. The result was less hypocapnia, but the 
decrease in arterial oxygenation persisted. These dif- 
ferences in Paco, might have influenced arterial oxy- 
genation in several ways, none of which change our 
conclusion that venous admixture increased with 
HFJV. First, although respiratory alkalosis can result 
in a decrease in Pao, by depressing cardiac output 
(11), we observed no differences in cardiac output 
between CV and HEJV. Second, a lower Paco, can 
result in an increase in oxygen consumption. Al- 
though this would decrease mixed venous oxygen 
tension, the calculated venous admixture would not 
be affected by this change alone. Third, a lower 
Paco, can cause a shift to the left of the oxygen- 
hemoglobin dissociation curve. This, too, would cause 
a decrease in mixed venous Po, but would not by 
itself change mixed venous oxygen content, leaving 
the calculated venous admixture unaffected. Finally, 
even when comparisons were made at the same 
Paco, (8/24 total comparisons), the same directional 
changes in arterial Po, and Qva/Qt were seen. Thus, 
although the lower levels of Paco, during HEJV at 
each level of PEEP might explain some of the differ- 
ences seen in Pao,, they do not account for the differ- 
ences in venous admixture. 


ey 


SCHUSTER, SNYDER, AND KLAIN 


We have found, therefore, that although HFJV in 
combination with PEEP could reverse hypoxemia 
caused by oleic acid infusion to control levels, arterial 
oxygenation was routinely lower during HFJV than 
during CV at comparable levels of PEEP, mean AWP, 
and Fio,. The importance of taking AWP into account 
in such comparisons has been recently emphasized 
(12, 13). 

Little evidence exists to support the notion that 
oxygenation might actually improve during high-fre- 
guency ventilation. Reports that make such claims (1, 
2) are based on comparisons made at different airway 
pressures or Fio, (12). On the other hand, the available 
experimental data in animals are supportive of our 
findings. Thompson et al (14), for instance, found no 
improvement in Pao, during high-frequency oscilla- 
tion when comparisons were made at the same mean 
airway pressure. Gallagher and Banner (15), using a 
system similar to ours, reported that Pao, was lower 
and shunt fraction higher during high-frequency ven- 
tilation at the same level of PEEP. These differences 
were not statistically significant, probably because the 
number of animals was small. Although our own data 
do not provide any direct evidence as to why oxygen- 
ation should be worse during HFJV, even at compa- 
rable airway pressures, it seems reasonable to specu- 
late that ventilation was probably maldistributed with 
respect to perfusion during HFJV in this experimental 
model. Progressive atelectasis may be responsible for 
some of this maldistribution during HFV. Recent 
work (16, 17) suggests that such atelectasis may be 
reversible by periodic hyperinflation. Kolton et al (16) 
reported that oxygenation during HFV might actually 
be improved compared with CV if mean AWP is 
greater than the opening pressure of collapsed lung 
segments in the oleic acid-injured lung. However, at 
least 15 cm HO was required as opening pressure in 
their experiments, just slightly less than the mean 
airway pressures used by us in dogs treated with 10 
torr of PEEP. Such pressures are usually in excess of 
what is necessary to improve oxygenation for clinical 
purposes without hemodynamic compromise. Fur- 
thermore, it is not clear how often such periodic 
hyperinflation would need to be repeated. In any 
event, although some investigations of gas exchange 
during high-frequency ventilation have emphasized 
possible mechanisms of improved gas transport down 
the airways (18, 19), our data and that of others (16) 
suggest that the distribution of ventilation within the 
lung is a matter of equal concern. 

Although it is essential that comparisons of these 
ventilator modes be made at comparable levels of 


PEEP or mean AWP, and Fio,, in order to sort out the 
causes for observed changes in arterial oxygenation, 
the results of the experiments made at different levels 
of PEEP but at the same peak AWP, are still of clinical 
relevance. In these experimenis, although peak AWP 
was maintained at the same level, Qva/Qt decreased 
as PEEP was increased from & to 12 torr in changing 
from CV to HFJV. Cardiac output also decreased at 
the higher level of PEEP, probably because of higher 
mean AWP, but no attempt to counteract this effect 
with blood volume expansion or inotropic agents was 
made. These results are similar to those reported by 
Kolton et al (16) for high-frequency oscillation. Thus, 
when the use of higher levels of PEEP with CV is 
limited by high peak AWP, the use of HFJV (as in the 
experiments in the second group) may be clinically 
advantageous. 

The smaller tidal volumes and thus potentially 
lower peak airway pressures associated with HFJV 
constitute potentially important clinical advantages. 
This has been shown dramatically by Carlon et al (2) 
in a series of patients with pulmonary airway disrup- 
tion, a particularly difficult problem with commonly 
used methods of mechanical ventilation. Likewise, we 
have effectively used HFJV in a patient who developed 
respiratory failure shortly after pneumonectomy in 
which high peak airway pressures posed the threat of 
bronchial stump disruption (3). 

Based on the present experiments, then, HFJV may 
be of value during acute hypoxemic respiratory failure 
in the following clinical circumstances: (a) when the 
primary goal is to reduce peak AWP (in such a case, 
the need for additional increases in either PEEP or 
Fio, should be anticipated); (b) when increases in 
PEEP, in order to reduce Fio, from nontoxic levels, are 
limited by peak AWP; (c) when CO; elimination is 
inadequate during CV, especially when this is the 
result of a bronchopleural fistula. 
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Clonidine, an Alpha-Adrenergic Agonist 
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BLoor, B. C., AND FLACKE, W. E.: Reduction in halothane anesthetic requirement by clonidine, an alpha-adrenergic 
agonist. Anesth Analg 1982;61:741_-5. 


The effects of clonidine, a potent central alpha-adrenergic agonist, and of tolazoline, an alpha-adrenergic antagonist, 
on the minimal anesthetic concentration (MAC) of halothane were studied in male mongrel dogs. Control halothane 
MAC was 0.8 + 0.04 vol% (determined in each dog by gas chromatography of arterial blood, n = 30). Clonidine, 5 
ug/kg (n = 10) and 20 pg/kg (n = 10), given slowly intravenously, maximally reduced MAC by 42% (at 2.3 hours 
after clonidine) and 48% (at 2.6 hours after clonidine) for each dose. In ancther set of animals (n = 5) an alpha- 
adrenergic antagonist, tolazoline, 5 mg/kg IV, reversed the clonidine-induced reduction in halothane MAC rapidly and 
completely. Tolazoline alone, 5 mg/kg, (n = 5) had no significant effect on halothane MAC. Thus, the administration 
of the central alpha-adrenergic agonist clonidine decreased the required anesthetic concentration of halothane, as 
defined by MAC, by almost half. This effect, as it is reversed by tolazoline, is likely to be mediated through a central 
alpha-adrenergic receptor mechanism. 


Key Words: ANESTHETICS, Volatile: halothane; POTENCY: MAC; SYMPATHETIC NERVOUS SYSTEM: adrenergic 


receptors. 


LONIDINE is used clinically as an antihyperten- 
sive agent. Its action is attributed to a reduction 
in central sympathetic outflow mediated by stimula- 
tion of central alpha-adrenergic receptors (1-3). Clin- 
ical side effects of clonidine include sedation and dry 
mouth (4); additionally, this drug has produced and 
prolonged sleep experimentally in man (5, 6) and 
animals (7, 8). Clonidine is a potent central analgesic 
in animal models (9). It has been shown to be 60 and 
10 times more potent on a weight basis than morphine 
in producing analgesia in mice (10, 11); however, 
clonidine-induced analgesia is not reversed by nal- 
oxone. In contrast, naloxone has been claimed to 
reverse the antihypertensive effects of clonidine (12). 
Tolerance to both the sedative (13) and the analgesic 
(14) effects of clonidine develops rapidly. 

Because clonidine is an analgesic and, when admin- 
istered acutely, results in profound sedation, it was 
felt that acutely administered clonidine would have 
the potential to modify anesthetic requirement. The 
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experiments that were conducted to test this hypoth- 
esis had three purposes: (a) to determine whether 
clonidine administered acutely intravenously would 
affect the potency of halothane; (b) to determine the 
ability of tolazoline, an alpha-adrenergic antagonist, 
to affect or reverse any clonidine-induced changes in 
the anesthetic requirement of halothane; and (c) to 
determine the effect of tolazoline alone on halothane 
requirement. 


Methods 


Anesthesia was induced in unpremedicated male 
mongrel dogs with halothane by mask; care was taken 
to avoid unnecessary noise and motion. Cuffed tra- 
cheal tubes were inserted under deep halothane an- 
esthesia and anesthesia was then maintained with 
1.5% inspired halothane in oxygen during preparative 
surgery and instrumentation. Blood pressure was 
measured from a femoral arterial cannula by a Hew- 
lett-Packard transducer (model 1280) and recorded on 
a direct-writing polygraph (Hewlett-Packard no. 
7758). End tidal CO2 was measured and recorded by 
a Beckman LB-3; ventilation was adjusted to maintain 
Paco, at 35 + 2 torr. Arterial blood gas tensions were 
periodically measured using a Corning 165 blood gas 
analyzer. Core temperature was monitored with an 
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esophageal temperature probe and maintained at 39 
+ 1°C. Halothane levels in arterial blood were deter- 
mined by gas chromotography according to the equil- 
ibration method of Fink and Morikawa (15). 


Determination of MAC 


Once each animal had stabilized for at least 1 hour, 
the inspired halothane was reduced to 1.2% for 30 
minutes before starting the experimental protocol. 
Minimum anesthetic concentration (MAC) of halo- 
thane was used as the measure of anesthetic potency 
and was determined by the now standard methods of 
Eger et al (16), except that arterial blood halothane 
concentration was used in lieu of end-tidal halothane 
concentration. Each animal was equilibrated at a test 
concentration of halothane for 20 minutes. A tail 
clamp was applied (Carter resection clamp) for 1 
minute. This procedure was repeated after stepwise 
reduction of the inspired concentration of halothane 
by 0.1% until a purposeful movement was elicited. 
Then the concentration of the inspired halothane was 
increased by 0.1% until no movement was noted. The 
MAC of halothane was calculated as the mean of 
these two halothane arterial blood levels. This pro- 
cedure was repeated to confirm the stability of control 
MAC. 

Three types of experiments were carried out. (a) 
Clonidine, 5 or 20 ug/kg, was given slowly by intra- 
venous drip (approximately 1 ug/kg/min). MAC was 
measured repeatedly until 5 hours after the 5-yg/kg 
dose and 8 hours after the 20-ug/kg dose of clonidine 
(10 dogs per dose). “Time after clonidine” was con- 
sidered to begin at the time administration of cloni- 
dine was started. {b} The effect of the alpha-adrener- 
gic antagonist tolazoline on MAC after clonidine was 
determined in another set of five dogs. In this series, 
each dog was treated as described above for the group 
given 20 pg/kg of clonidine; that is, MAC was meas- 
ured and confirmed before and for 2.3 hours after the 
intravenous injection of 20 pg/kg of clonidine. Before 
tolazoline administration, the inspired halothane was, 
in most dogs, increased to a value 0.2% higher than 
control MAC for each animal and stabilized for 25 
minutes. Then tolazoline, 5 mg/kg, was given intra- 
venously, and MAC was again determined during the 
following hour. (c) To determine whether an intra- 
venous injection of tolazoline alone (5 mg/kg) affects 
halothane MAC, a separate set of five dogs was used. 
In each, control MAC was determined as previously 
described. Tolazoline was then given and MAC re- 
determined and confirmed over the next hour. 
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Fig 1. Changes in halothane MAC with time following intrave- 
nous clonidine, 5 ng/kg, in dogs. Control, time zero, represents 
pooled mean + SEM, n = 30. Each remaining point is shown as 
mean + SEM, (n = 10). 


Analysis of variance was used to test all individual 
groups of data. Comparisons involving data obtained 
before and after drug administration were made by 
paired t-tests with p < 0.05 regarded as being statis- 
tically significant. Percent change was reported as the 
difference between the control and the experimental 
condition for each animal. All values are reported as 
means + SEM. Drugs used were clonidine (Boehrin- 
ger Ingelheim) and tolazoline (Sigma Chemical Co.). 


Resuits 


No statistically significant difference was found 
(one-way analysis of variance, p < 0.05) between the 
MAC values for any of the control groups used, and 
therefore all groups were combined to give a mean 
control value for halothane MAC of 0.8% + 0.04% (n 
= 30). 


Clonidine, 5 pg/kg IV 


Injections of 5 pg/kg of clonidine (n = 10) decreased 
MAC of halothane by 36% after 1.2 hours. Maximal 
decrease (42%) occurred after 2.3 hours and by 3.1 
hours the effect had reverted toward control values 
with only a 25% reduction in MAC. After 4.4 hours, 
MAC still showed a 19% decrease when compared 
with control values (Fig 1). 


Clonidine, 20 ng/kg IV 


As seen in Fig 2, 20 ug/kg of clonidine (n = 10) 
also reduced MAC. This dose of clonidine caused a 


BLOOR AND FLACKE 


maximal 48% reduction of halothane MAC after 2.6 
hours. By 3.3 hours, the effect of clonidine had waned 
to a 40% decrease when compared with control values. 
By 7.3 hours after clonidine administration, MAC had 
returned to within 5% of control values. 

Neither the 5-ug/kg nor the 20-ug/kg dose of clon- 
idine resulted in a significant reduction in systemic 
blood pressure during halothane anesthesia. Cloni- 
dine, given at a faster rate, increased blood pressure 
secondary to peripheral alpha-adrenergic stimulation. 
Heart rate was decreased significantly from 100 + 4 
to 83 + 6 beats per minute at the control halothane 
MAC level. 


Tolazoline, 5 mg/kg IV 


Tolazoline did not significantly (n = 5, p > 0.05) 
alter halothane anesthetic requirement, as determined 
by MAC, during the 1-hour observation period. 


Clonidine-Tolazoline 


In the third protocol, when clonidine, 20 pg/kg IV, 
was given as before, MAC decreased 43% + 3% (n = 
5) below control levels after 2.3 hours. Approximately 
2.5 hours after clonidine administration, during the 
clonidine-induced reduction of MAC, 5 mg/kg of 
tolazoline was given. After tolazoline administration, 
halothane MAC was not significantly different from 
control levels (105% + 6%). Thus, tolazoline reversed 
the clonidine-induced decrease in halothane anes- 
thetic requirement as determined by MAC (Fig 3). In 
three early experiments in which the halothane had 
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Fic 2. Changes in halothane MAC with time following clonidine, 
20 pg/kg IV, in dogs. Control, time zero, represents pooled 
mean + SEM, n = 30. Experimental points less than 4 hours 
are means + SEM, n = 10, whereas 7.3-hour point (mean = 95 
+ 10) (n = 3). 
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Fig 3. Reversal of clonidine-induced (20 ng/kg) reduction in 
halothane MAC by tolazoline, 5 mg/kqa (given as indicated by 
arrow [O]. For comparison, the curve showing the effect of 20 
ug/kg of clonidine (Fig 2) is repeated (@). 


been kept at the MAC level associated with clonidine, 
tolazoline caused immediate awakening even before 
the injection had been completed. In subsequent ex- 
periments the inhaled concentration of halothane was 
increased to approximately 1.2 times the control MAC 
before the tolazcline was injected to prevent awak- 
ening (see “Methods”. 


Discussion 


The results show that acutely administered cloni- 
dine (20 pg/kg) reduced halothane anesthetic require- 
ment in dogs by a maximum of 48%. Work by other 
investigators has shown that other drugs affecting the 
central adrenergic system can also alter anesthetic 
requirements. Two drugs that alter halothane MAC 
in opposite directions, for example, and that also have 
opposing effects on the central adrenergic system, are 
reserpine and acutely administered amphetamine. Re- 
serpine depletes central and peripheral catecholamine 
(17) (and serotonin) stores and, at doses that substan- 
tially reduce catecholamine levels, reserpine decreases 
halothane MAC by 33% (18). Conversely, acutely 
administered amphetamine, which facilitates adrener- 
gic action through transmitter release and direct stim- 
ulation of adrenergic receptors, increases MAC in a 
dose-dependent fashion (19). However guanethidine, 
a peripheral catecholamine depleter with no central 
effects, does not affect MAC (18). Together, these 
results suggest that an increase in central catecholam- 
inergic activity leads to an increase in anesthetic re- 
quirement, whereas a decrease in central catechola- 
mine activity reduces anesthetic requirement. Drugs 
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affecting only the peripheral adrenergic system have 
no effect on MAC. 

Clonidine is a potent agonist of both the classical 
alpha-adrenergic receptor (alpha) and the more re- 
cently delineated alphas receptor. This second type of 
alpha receptor, the alpha has been shown to be 
reasonably distinct from the classic alpha receptor in 
several ways. A presynaptic location has been sug- 
gested for the alphas receptor, activation of which 
inhibits norepinephrine release and decreases norep- 
inephrine turnover (20). Clonidine, acting on a pre- 
synaptic alphag receptor, would be expected to inhibit 
norepinephrine transmitter release, and thus decrease 
neuronal adrenergic function. Clonidine resulted in a 
reduction in the halothane anesthetic requirement 
rather than increasing it as might be expected by an 
adrenergic agonist. However, the ability of the drug 
to decrease catecholamine output by stimulation of 
the presynaptic alpha receptor offers an explanation 
for this apparent paradox and renders our observa- 
tions consistent with the conclusions of previous 
workers (i.e, a decrease in anesthetic requirement 
with a reduction in synaptically available catechola- 
mine). It is of interest that Drew et al (21) have shown 
that clonidine-induced sedation in the rat is mediated 
by what they considered to be a presynaptic alpha 
receptor, 

It should be noted that some authors (22, 23) who 
have studied the hypotensive actions of clonidine 
have postulated the existence of a central inhibitory 
postsynaptic clonidine (alphag) receptor. A postsyn- 
aptic site of action of clonidine would require a more 
complex mechanism. Clearly, more work needs to be 
done to clarify fully the exact site(s) and mechanism(s) 
of action of clonidine. Alpha-methyldopa has also 
been shown to decrease MAC (18) and although this 
drug might be similar to clonidine, its mechanism of 
action is not clearly understood. 

The only previous report (24) concerning the effect 
of clonidine on MAC deals with chronic administra- 
tion (50 pg/kg three times a day). Under these circum- 
stances, clonidine was found to potentiate halothane 
anesthesia by only 14.5% (24). This observation of 
only a small increase in halothane potency during 
chronic administration of clonidine is compatible with 
the rapid development of tolerance observed with 
both the sedative (13) and the analgesic (14) effects of 
clonidine. 

Clonidine is a more potent analgesic than morphine 
when compared on a weight basis in various animal 
models, Recently, evidence for a link between the 
analgesic activity of clonidine and the endogenous 
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opiate system has been reported. In rats, 500 ug/kg of 
clonidine more than doubled the plasma beta-endor- 
phin levels within 15 minutes (25). It remains to be 
determined not only whether lower doses of cloni- 
dine, such as those used in the present study, can also 
be linked to the endogenous opiate system, but also 
whether clonidine-induced analgesia plays a role in 
the clonidine-induced reduction in halothane anes- 
thesia requirement. However, since naloxone has 
been shown not to reverse clonidine analgesia (11), 
such a role appears unlikely. 

In this study, tolazoline reversed the effect of clon- 
idine so that MAC was returned to a value not signif- 
icantly different from control levels, yet tolazoline did 
not significantly affect halothane MAC by itself. 
These findings lead to two possible conclusions. First, 
no significant proportion of halothane anesthesia as 
measured by MAC involves an adrenergic function 
that can be blocked by tolazoline. Second, the effect 
of clonidine on halothane requirement is a function 
of alpha-adrenergic stimulation (either alpha, or al- 
phag, as tolazoline antagonizes both). 

Many central nervous system depressant drugs are 
known to reduce the required effective concentration 
of inhalation anesthetic agents. Narcotics, barbitu- 
rates, and benzodiazepines are in daily clinical use for 
this purpose. However, all of these drugs are respi- 
ratory depressants in the doses used. Clonidine has 
not been reported to have respiratory depressant ef- 
fects, and in our preliminary observations (unpub- 
lished data) the effective doses of clonidine did not 
depress spontaneous ventilation. This question re- 
quires further study, but the possibility exists that 
clonidine increases the therapeutic ratio of halothane 
by decreasing the anesthetic requirement without po- 
tentiating the respiratory depressant effect. 

Thus, we have shown that clonidine (5 and 20 pg/ 
kg) causes a marked decrease in halothane anesthetic 
requirement in the dog. This effect is mediated 
through an alpha-adrenergic mechanism underscor- 
ing the significance of the central adrenergic system. 
Other investigators have previously shown that clon- 
idine is a potent analgesic, a sedative and that it 
decreases central sympathetic outflow. No other non- 
opiate class of drugs offers so many actions important 
to anesthesia. Clonidine and clonidine-related com- 
pounds deserve future consideration in anesthesia 
research as potential modifiers of anesthetic actions. 
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Subarachnoid Lidocaine in the Rhesus Monkey 
I. Effects of Epinephrine 
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DENSON, D. D., BRIDENBAUGH, P. O., TURNER, P. A., PHERO, J. C., AND RAJ, P. P.: Neural blockade and pharmacoki- 
netics following subarachnoid lidocaine in the rhesus monkey. |. Effects of epinephrine. Anesth Analg 1982:61:746- 
50. 


A sensitive and reliable animal model for the objective physiologic and pharmacokinetic evaluation of spinal anesthesia 
has been developed. Using this model, spinal anesthesia using lidocaine (30 mg) in 7.5% dextrose with and without 
epinephrine was compared. Epinephrine did not alter the degree or duration of time to achieve maximum motor block. 
However, epinephrine did significantly increase the time for complete motor recovery. A significantly higher dermatome 
level of sensory block was achieved in the epinephrine-containing solutions, as well as a significantly longer time for 
complete recovery. This reflects a latent effect of epinephrine, as the time for two-segment regression was independent 
of epinephrine. Pharmacokinetic analysis showed no effect of epinephrine on absorption and elimination constants. 
The maximum plasma concentration and time to reach maximum plasma concentration were equal with and without 
epinephrine. 


Key Words: ANESTHETIC TECHNIQUES: spinal; ANESTHETICS, Local: lidocaine; PHARMACOKINETICS: intrave- 


nous, subarachnoid; SYMPATHETIC NERVOUS SYSTEM: epinephrine. 


HE EFFICACY of adding epinephrine to local 

anesthetic solutions for spinal anesthesia is still 
in question {1-3). This is due in part to the wide 
diversity of results from various reported studies. For 
example, tetracaine solutions that contain 0.2 mg of 
epinephrine have been reported to prolong spinal 
anesthesia by 12% to 53% (2). Similar diversity has 
been reported for lidocaine solutions containing epi- 
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nephrine, ranging from 0% to 60% prolongation (3). 
These studies, however, looked only at the time from 
injection of local anesthetic to complete return of 
sensory cutaneous feeling. Although a few studies 
have been done using other doses of epinephrine, 
clinical responses did not seem to be dose related, 
with the resulting 0.2-mg dose becoming common 
clinical practice. 

A more recent study (4), comparing plain and epi- 
nephrine-containing solutions of 5% lidocaine for 
spinal anesthesia, divided the periods of sensory and 
motor anesthesia as follows: (a) the time period re- 
quired to sustain total motor and sensory anesthesia, 
and (b) the time to recover complete neural function. 
Their results showed no effect of epinephrine in 
prolonging the period of total anesthesia, but a sig- 
nificant delaying effect on the recovery phase of both 
motor and sensory function. 

Three mechanisms for prolongation of neural 
blockade by epinephrine have been proposed: (a) 
reduced drug absorption secondary to vasoconstric- 
tion, (b) inhibition of the enzymes responsible for the 
metabolism of local anesthetics, and (c) direct action 
on neural elements (2). 

We have recently established a rhesus monkey 
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EPINEPHRINE AND SPINAL ANESTHESIA IN THE MONKEY 


model for spinal anesthesia which is a reliable and 
sensitive method for evaluation of both physiologic 
responses and the pharmacokinetics of uptake and 
elimination (5, 6). 

This study was undertaken to assess not only the 
effect of epinephrine on the neural blocking proper- 
ties of 5% lidocaine in the subarachnoid space of the 
primate model, but also to assess any alterations that 
epinephrine might induce in the pharmacokinetics of 
the subarachnoidally administered lidocaine. 


Methods 


Six adult rhesus monkeys were used in a three-way 
crossover design. Each animal received the three treat- 
ments described below in random order with a 5- 
week rest period between treatments. The three study 
treatments were: (a) 30 mg of lidocaine intravenously, 
(b) 30 mg of 5% lidocaine in 7.5% dextrose intrathe- 
cally, (c) 30 mg of 5% lidocaine in 7.5% dextrose 
containing epinephrine intrathecally. 

The primate colony is under the care of a full-time 
veterinary staff. The animals are housed individually 
in squeeze cages approved by the American Associ- 
ation for Accreditation of Laboratory Animal Care 
(AAALAC) and were fed a diet of Purina monkey 


DEFINITIONS 


for intravascular injection, A is the intercept 
of the distribution slope a with the ordinate; 
for subarachnoid injection, A is the inter- 
cept of the monoexponential absorption 
slope with the ordinate 
distribution rate constant 
AUC ({(0-œ}) area under blood concentration-time curve 
from zero to infinity 
B intercept of monoexponential elimination 
slope with ordinate 
B elimination or slow disposition rate constant 
Ci < tot > total plasma clearance 
C (max) maximum plasma concentration following 
subarachnoid injection 
fraction of drug absorbed following subarach- 
noid injection 
rate of drug absorption following subarach- 
noid injection 
elimination rate constant 
lag time for systemic absorption following 
subarachnoid injection 
time which corresponds to C (max) following 
subarachnoid injection 
volume of distribution during elimination or 
slow disposition phase 


chow once a day with water ad libitum from an 
automatic watering system. Monkeys were tested for 
tuberculosis by intradermal eyelid injection of puri- 
fied protein derivative (PPD) monthly and by chest 
roentgenogram each 90 days. All animals were housed 
in rooms on a 12-hour light-dark cycle with controlled 
temperature and humidity. 


Experimental Procedure 


Fasting animals were sedated with ketamine (10 
mg/kg IM) and transported to the laboratory. Under 
light general anesthesia (0.5% halothane, N20/0x [3L/ 
2L]) cannulas were placed as follows: (a) in peripheral 
vein for injection of lidocaine (group 1) and mainte- 
nance fluids of 5% dextrose and lactated Ringer’s 
solution via an infusion pump, and (b) in a saphenous 
artery for blood and gas sampling. 

Arterial blood samples (4 ml) were drawn at 0, 4, 
7, 10, 15, 20, 25, 30, 45, 60, and 90 minutes, and 
hourly thereafter for a total of 5 hours. Blood volume 
was restored using normal saline on a 3:1 basis. 
Samples were allowed to clot, with centrifuged serum 
analyzed by gas chromatography for lidocaine con- 
centrations (7). 


Intravenous and Subarachnoid Injections 


Subsequent to cannulation, the three groups were 
managed as follows: 

Group 1. Animals in this group were placed in the 
sitting position in a primate restraining chair and 
given 30 mg of 2% lidocaine intravenously during a 
1-minute injection period. 

Groups 2 and 3. Animals in these groups were 
placed in the right lateral decubitus position for place- 
ment of a 22-gauge (4-cm) needle into the subarach- 
noid space. A midline approach at the L5-6 interspace 
was used. After free flow of cerebrospinal fluid was 
obtained, two animals received 0.6 ml of commercially 
prepared 5% lidocaine (30 mg) and 7.5% dextrose. In 
group 3, animals received the same solution contain- 
ing epinephrine (the epinephrine solution was pre- 
pared by adding 0.2 ml of 1:1000 epinephrine to the 
ampule of commercially prepared lidocaine before 
the aspiration into the syringe of the 30-mg dose). 
After injection of the study drug, the spinal needle 
was flushed with 0.1 ml of air and withdrawn. Ani- 
mals remained in the level supine position for 90 
seconds and were then placed in the sitting position 
in the primate chair for the duration of the experi- 
ment. The measurements of neural blocks were iden- 
tical with those previously reported (5). 
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Pharmacokinetic Analysis 


Intravenous blood concentration-time data were 
analyzed in two ways: (a) data were fit to an intravas- 
cular open two-compartment model using standard 
computer programs, and (b) parameters were calcu- 
lated independent of compartment model using the 
area under the blood-concentration time curve 
[AUC(0-00}]. AUC(0-00) was estimated using the lin- 
ear trapezoidal rule (8). All pharmacokinetic symbols 
are defined below. 

Blood concentration data in groups 2 and 3 were 
analyzed in the following manner: (a) Data were fit to 
an open one-compartment model for extravascular 
injection. (b) Parameters were calculated independent 
of compartment model using the area under the 
plasma-concentration time curve [AUC(0-c)]. (c) The 
fraction of drug absorbed (F) following a subarach- 
noid treatment was calculated using the following 
equation (BW, body weight; IV, intravenous; XV, 
subarachnoid) (8): 

dose (IV) 

BW(IV) x £V) 

dose (XV) 

BW(XV) x LXV) 


AUC(0-œ)xy x 
Ee 
AUC(O-o}1y X 


Each blood-concentration time curve following sub- 
arachnoid injection was examined for evidence of a 
lag time in systemic appearance of lidocaine using the 
following equation (8): 

In A/B 


a E kal 


Statistical Treatment of Data 


All data are presented as means + SEM. Statistical 
analyses were accomplished using either the t-test for 
paired data, Student’s t-test, or Schefe’s test for vari- 
ance for intragroup and intergroup comparisons when 
appropriate; p < 0.05 was considered the minimal 
level of statistical significance. Solutions of the blood 
concentration-time curves were tested for “goodness 
of fit” by calculation of standard coefficients of de- 
termination (Rê). R? > 0.9 for 12 to 15 points were 
considered appropriate solutions for the biexponen- 
tial blood level equation. Additionally, values for 
AUC(0-) estimated from parameters derived by 
compartment model solutions were compared with 
the actual AUC(0-%) obtained by integration of the 
blood-concentration time data. If the differences be- 
tween the estimated and actual AUC(0-9) were not 
significant, the selected model was considered appro- 
priate. 
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Results 


Neural Blockade (Groups 2 and 3) 


The initial onset of sensory and motor anesthesia 
was equally rapid in both groups (approximately 2 to 
4 minutes). Also equal between groups 2 and 3 was 
the duration of maximum motor and sensory anes- 
thesia. Differences occurred in group 3 (epinephrine 
group) in the measurement of a significantly higher 
level of sensory blockade and a simultaneous, but 
significantly prolonged, period of complete recovery 
of both sensory and motor elements. Although the 
duration of maximum motor blockade tended to be 
longer than the duration of maximum sensory anes- 
thesia (as judged by two-segment regression) in both 
groups, this difference was not statistically significant 
(Tables 1 and 2). 


Pharmacokinetics 


A comparison of the pharmacokinetic parameters 
obtained for intravenous lidocaine using open two- 
compartment model and model-independent calcu- 
lations resulted in a close correlation. The close cor- 
relation between the two methods demonstrates that 
fitting data to an open two-compartment model is 


TABLE 1 


Motor Blockade following Subarachnoid Lidocaine (30 mg) 
with and without Epinephrine* 








Duration of z 
i , Motor block Time to complete 
Epinephrine complete motor 
score block motor recovery 
min 
+ 6.0 +0 61 +14 178 + 19 
n 5.6 + 0.3 58 + 8 108 +6 





* Values are means + SEM (N = 6). 
t p < 0.01 when compared with lidocaine without epineph- 
rine. 


TABLE 2 


Sensory Blockade following Subarachnoid Lidocaine 
(30 mg) with and without Epinephrine* 





Time for 





; R Level Time for complete 
Epinephrine 2-segment 
{dermatome) regression sensory recovery 
min 
+ T-8 + 1f 3627 179 +13 
~ T-11 +1 3727 98 +13 


* Values are means + SEM (N = 6). 

+ p < 0.05 when compared with lidocaine without epineph- 
rine. 

+ p < 0.01 when compared with lidocaine without epineph- 
rine. 


EPINEPHRINE AND SPINAL ANESTHESIA IN THE MONKEY 


appropriate. For the open two-compartment model, 
the AUC(0-«) is estimated by A/a + B/B (Table 3) 
(8). 

A comparison of pharmacokinetic parameters ob- 
tained for the three lidocaine treatments using the 
model-independent method clearly illustrates that 
time to peak concentration [t(max)], peak concentra- 
tion [C(max)], and AUC(0-0) are independent of 
epinephrine (Table 4). Lidocaine was completely ab- 
sorbed in both subarachnoid treatments, as demon- 
strated by the fraction of drug absorbed. The elimi- 
nation phase volumes of distribution were found to 
be statistically greater for the epinephrine group. 
However, no differences were found when these val- 
ues were normalized to body weight. Total clearances 
were found to be independent of the route of lidocaine 
administration (Table 4). 

A comparison of the pharmacokinetic parameters 
obtained in groups 2 and 3 was made by fitting the 
blood concentration-time data to an open one-com- 
partment model. The AUC(0-90) for a one-compart- 
ment model for intravascular injection is estimated by 
(8): 

B A 

AUC{0-%) = a G 
The extremely close correlation between the values 
obtained from the open one-compartment model and 
the AUC(0-%) obtained from integration of the blood- 
concentration time curve (Table 4) demonstrates that 
the open one-compartment model is appropriate for 
the estimation of absorption constants. The rates of 
absorption following subarachnoid lidocaine are in- 
dependent of added epinephrine in the rhesus mon- 
key (Table 5). The only significant differences be- 
tween treatment groups were the apparently higher 
central compartment volumes in animals given epi- 
nephrine. However, normalizing these volumes to 
body weight removed any differences. Calculations 
based on solutions obtained from open one-compart- 


TABLE 3 


Parameters Obtained from Open Two-Compartment Model 
and Compartment-Model Independent Solutions for Blood 


Concentration Time Data following Intravenous Lidocaine* 


Two-compart- 


Parameter ment independent 
BtL/hr) 0.49 + 0.11 0.44 + 0.09 
AUC(O-0e) [(ug/m)] hr] 2.5 + 0.2 2.6 +0.3 
Cli<tot> (L/hr) 12.0 + 1.1 11.8 4 0.7 
Vd (L) 31.8 + 5.9 34.1 + 8.6 
Vdg8 (L/kg) 4.5 + 0.8 4.8 + 0.8 


* Values are means + SEM (N = 8). 


TABLE 4 

Pharmacokinetic Parameters Obtained Independent of 
Compartment Model for Intravenous Lidocaine and 
Subarachnoid Lidocaine with and without Epinephrine * 


With Without 
epinephrine epinephrine 


0.47 + 0.09/0.51 + 0.09 
1.3 + 0.2 
2.6 + 0.4 











Parameter Intravenous 

t(max) (hr) 

C(max) (ug/ml) 

AUC(O-2) [(ug/ml) 
hr] 

F 

B(1/hr) 

VdB (L) 

VdB (L/kg) 

Cl<tot> (L/hr) 










4.8 + 0.8: 
11.8 + 0.7 


4.1 + 0.6 
124 t 1.7 









* Values are means + SEM (N = 6). 
t p < 0.05 when compared with lidocaine without epineph- 
rine. 


TABLE 5 

Pharmacokinetic Parameters Obtained for One- 
Compartment Mode! for Subarachnoid Injection of 5% 
Lidocaine with and without Epinephrine* 





Parameter ; i i Without 

epinephrine epinephrine 
AUC(0~00) [(ug/mi) hr] 2.1 £0.4 2.5 + 0.4 
ka (1 /hr) 3.9 + 0.2 4.2 + 0.7 
kel (4 /hr) 0.53 + 0.08 0.50 + 0.01 
Ve(L) 29.9 + 3.8+ 18.9 t 3.3 
Ve(L/kg) 3.0 + 0.6 2.9 + 0.6 
Ci<tot> (L/hr) 15.5 + 3.0 10.0 + 1.3 





* Values are means + SEM (N = 6). 
F p < 0.05 when compared with lidocaine without epineph- 
rine. 


ment analysis showed that neither group 2 nor group 
3 exhibited a significant lag time for systemic absorp- 
tion. 


Discussion 


In this study the addition of epinephrine to hyper- 
baric lidocaine spinal solutions resulted in statistically 
higher levels of sensory block than when plain lido- 
caine was used. This is in contrast to the report by 
Chambers et al (4), in which no significant differences 
were found in the highest dermatome blocked. This 
effect, which we noted, is not thought to be due to a 
change in volume (0.6 to 0.66 mij), as concurrent 
studies comparing 0.6 ml of 5% lidocaine in 7.5% 
dextrose (30 mg) with 1.5 ml of 2% lidocaine in 7.5% 
dextrose (30 mg) resulted in identical levels of sensory 
block. Our findings that the duration of complete 
sensory and motor anesthesia was independent of 
epinephrine are in agreement with the results in man 
reported by Chambers et al (4). Our findings of 


749 


ANESTHESIA AND ANALGESIA 
Vol 61,No9, September 1982 


DENSON ET AL 


prolonged recovery times for both motor and sensory 
function are also in agreement with those of Cham- 
bers et al (4). 

Lidocaine was chosen for this study because a large 
amount of physiologic and pharmacokinetic data have 
been collected using the rhesus monkey (5, 6). The 
rhesus monkey model is capable of uncovering subtle 
pharmacokinetic changes as a function of composition 
of the local anesthetic solution (9). No differences in 
rates of absorption were detected between the two 
lidocaine solutions injected into the subarachnoid 
space. One explanation for this could be that initial 
vasoconstriction by epinephrine is extremely transient 
and is followed by normal absorption. This possibility 
was ruled out by calculating lag times for systemic 
absorption. No lag times were detected with or with- 
out epinephrine. Thus, the data presented here argue 
against that proposed mechanism of epinephrine pro- 
longation of spinal anesthesia. In addition, identical 
values of t(max) and C(max) of lidocaine were found 
when lidocaine was injected either with or without 
epinephrine. This is in partial agreement with Axels- 
son and Widman (10), who reported that t(max) of 
lidocaine injected into the subarachnoid space was 
independent of added epinephrine, but C(max) was 
significantly higher following injection of lidocaine 
without epinephrine. 

Lidocaine is extensively metabolized by liver en- 
zymes and is a drug whose clearance is dependent on 
liver blood flow. As no changes in total clearance or 
elimination rates were detected for either treatment, 
the proposal that epinephrine acts by inhibiting the 
enzymes responsible for local anesthetic metabolism 
seems unlikely. 

Our pharmacokinetic findings with lidocaine are 
similar to those reported by Converse et al (11) with 
tetracaine. They also found that epinephrine caused 
no differences in the rate of disappearance of tetra- 
caine from cerebrospinal fluid (11). 
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The remaining explanation for prolongation of 
spinal anesthesia by epinephrine is that of a direct 
neural action. Pilot studies recently reported by Col- 
lins et al (12) suggest this may be the case. Although 
our study cannot support the validity of this mecha- 
nism, we can cast considerable objective doubt on the 
reality of either vasoconstriction or enzyme inhibition 
being the operative mechanism. 
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Fentanyl Reduces the Intensity of Painful Tooth Pulp 
Sensations: Controlling for Detection of Active Drugs 


Richard H. Gracely, PhD,* Ronald Dubner, DDS, PhD, and Patricia A. McGrath, PhDt 





GRACELY, R. H., DUBNER, R., AND MCGRATH, P. A.: Fentany! reduces the intensity of painful tooth pump sensations: 
controlling for detection of active drugs. Anesth Analg 1982;61:751-5. 


This study assessed whether experimentally determined narcotic analgesia in human subjects represents a pharma- 
cologic effect or a psychological effect of detecting the administration of an active medication. Forty dental patients 
used a verbal descriptor procedure to assess both the intensity and unpleasantness of sensations produced by 
electrical stimulation of intact teeth. Stimuli were rated before and after an intravenous injection of 0.11 mg/kg of 
diazepam, to produce detectable side effects in all patients, followed by a double-blind intravenous injection of either 
0.66 ug/kg of fentanyl or saline placebo. The results were similar to previous findings in which diazepam was not 
administered: only intensity responses were reduced after fentanyl administration and only unpleasantness responses 
were reduced after placebo administration. These results suggest that the reduction in pain intensity following fentany! 
administration represents an analgesic effect and not an artifact of detecting the administration of an active medication. 
They also suggest that diazepam at this dose does not alter pain sensations produced by electrical tooth puip 
stimulation. 


Key Words: MEASUREMENT TECHNIQUES: pain; PAIN: measurement; ANALGESICS: fentanyl; HYPNOTICS: ben- 


zodiazepines, diazepam. 





LARGE BODY of clinical evidence suggests that 
narcotics such as morphine and fentanyl pro- 
duce analgesia by reducing primarily the unpleasant- 
ness rather than the intensity of pain sensations (1- 
4). However, a recent study (5) showed that the nar- 
cotic fentanyl reduced intensity judgments of painful 
sensations evoked experimentally by electrical stim- 
ulation of the tooth pulp. This result suggests that, in 
addition to affecting the unpleasantness of clinical 
pain sensations, narcotics produce analgesia by di- 
rectly attenuating the intensity of pain sensations. 
The fentanyl study (5), however, was susceptible to 
a source of bias present in almost all studies compar- 
ing active pharmacologic agents to inert placebos in 
human subjects. This bias results from the fact that 
patients taking active medications experience side 
effects to a degree greater than do those who receive 


* Research Psychologist. 

t Chief, Neurobiology and Anesthesiology Branch. 

+ Experimental Psychologist. 

Received from the Clinical Pain Section, Neurobiology and 
Anesthesiology Branch, National Institute of Dental Research, Na- 
tional Institutes of Health, Bethesda, Maryland 20205. Accepted for 
publication May 3, 1982. 

Reprint requests to Dr. Gracely, National Institute of Dental 
Research, National Institutes of Health, Building 10, Room 2B-09, 
9000 Rockville Pike, Bethesda, MD 20205. 


placebo. If a subject expects to receive either an active 
or inactive drug, side effects may provide sufficient 
cues that the active drug has been administered. These 
cues and the desire to perform well may result in an 
appropriate change in response behavior. Intravenous 
fentanyl produces immediate sensations of lighthead- 
edness, dizziness, and nausea rarely found after the 
administration of saline placebo, and fentanyl’s side 
effects may cue the subjects to lower their responses 
to the stimuli. An ideal active placebo would produce 
salient side effects without producing the test drug's 
pharmacologic action. 

We have replicated the fentanyl study with the 
addition of a preinjection of diazepam in both the 
fentanyl and saline placebo groups. Diazepam was 
chosen because of its demonstrated emotional effect 
and evidence that it has little, if any, effect on pain 
sensation (6-15). Intravenous diazepam administra- 
tion produces immediate subjective effects such as 
lightheadedness and dizziness. Administration of this 
drug to both those receiving fentanyl and those re- 
ceiving placebo controls for the side effect artifact 
because all subjects experience the effects of an active 
drug. Diazepam also serves to mask the effects of a 
subsequent fentanyl! injection, making it difficult for 
the experimenter to determine whether fentanyl had 
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been administered. With this improvement in both 
sides of the “double-blind,” the following experiment 
assesses whether the analgesic effects observed for 
fentanyl in comparison to placebo are still found if 
drug administration is preceded by an injection of 
diazepam. 


Methods and Materials 


Eighteen men and 22 women, aged 18 to 45 years 
(median, 23 years) served as subjects. All were re- 
ferred to the National Institute of Dental Research for 
extraction of third molar teeth. The purpose of the 
experiment was described, and informed consent was 
obtained in a preliminary first session approximately 
1 week before each patient’s oral surgery. The sub- 
jects were informed that they could withdraw from 
the experiment at any time. The research protocol 
was approved by a formally constituted National 
Institutes of Health Clinical Research Subpanel. 

The experimental stimuli were assessed by the 
same verbal psychophysical procedures used in the 
fentanyl study (5). Each subject quantified the mag- 
nitude of verbal descriptors of sensory intensity or 
unpleasantness by ratio-scaling techniques, resulting 
in a numerical value for each descriptor. The same 
descriptors were used to rate experimentally pro- 
duced pain sensations and these verbal responses 
were analyzed quantitatively by substituting each in- 
dividual’s numerical value for each verbal response. 

The verbal descriptors used for pain responses were 
quantified ir two steps. In the first step, subjects were 
instructed ta use a handgrip dynamometer or a time- 
duration button to make responses proportional to 
the lengths of seven lines ranging from 1.3 to 33 cm 
in equal log steps presented twice randomly. These 
stimuli were rear projected on a 37x38-cm translucent 
screen, The handgrip measure was performed by 
squeezing a commercial 0 to 50 kg hand dynamometer 
in proportion to stimulus magnitude. A potentiometer 
produced an output voltage recorded by a digital 
sample-and-hold circuit with a resolution of 0.05 kg. 
Proportional time-duration responses were made by 
pressing a button that activated a millisecond timer 
and an auditory cue. 

Mean log handgrip and time-duration responses 
were determined individually for each line stimulus. 
Linear regressions of mean log response against mean 
log line length resulted in linear functions for each 
response measure. The slopes of these functions, 
power function exponents in arithmetic units, cali- 
brated each individual’s use of a specific response 
with a known, measured stimulus. In the second step, 
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subjects used the handgrip and time-duration re- 
sponse to rate the magnitude of intensity or unpleas- 
antness implied by 12 descriptors of sensory intensity 
(i.e., mild, moderate, intense) and 12 descriptors of 
unpleasantness (i.e., annoying, unpleasant, distress- 
ing) presented twice randomly. The calibration ex- 
ponents determined in the first step were used to 
transform mean responses to each descriptor from 
units of handgrip force or time duration to common 
units of line length, referred to as units of relative 
magnitude. This procedure, described in detail else- 
where (16-18), reduces scaling biases and standard- 
izes responses within and between individuals so that 
different responses can be compared and combined 
within individuals, and compared between individ- 
uals. Average responses for each individual produce 
a unique scale of the sensory intensity or unpleasant- 
ness implied by each word that is used subsequently 
to quantify individual verbal responses to the tooth 
pulp stimuli. 

Following verbal scaling, the pain range for the 
tooth pulp stimulator was determined. A saliva injec- 
tor was placed in the mouth and a central incisor was 
isolated with cotton rolls and carefully dried. The 
stimulating probe, consisting of a notched polyethy!- 
ene cylinder attached to a metal handle, was placed 
on the incisal edge of the isolated tooth and held in 
place by the subject. Electrical contact was maintained 
by a silver electrode and conductive paste. The metal 
handle served as a ground electrode. Immediately 
preceding each stimulus, a 5-second air stream was 
forced through a hole in the cylinder and directed 
against the anterior surface of the tooth to both signal 
the stimulus and dry the tooth. Tooth impedance was 
monitored on each trial to ensure tooth dryness and 
isolation of the stimulus from surrounding soft tissue 
structures. The tooth stimuli consisted of I-second 
trains of monopolar, monophasic, cathodal, 1-msec 
constant current pulses delivered to intact, upper 
central incisors at 100 Hz. These parameters were 
chosen to stimulate pulpal fibers exclusively without 
either activation of fibers in adjacent periodontal and 
gingival tissue or significant polarization of the elec- 
trode or tooth (19, 20). Sensory threshold, pain thresh- 
old, and pain tolerance were determined by a modi- 
fied method of limits. The intensity of successive 
stimuli delivered at 10-second intervals was increased 
in 1-uamp steps. The subject used finger signals to 
indicate the intensity first detected, the point at which 
the sensation became painful, and the maximally 
tolerated intensity. This procedure was repeated, and 
values for pain threshold and tolerance were used to 
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compute the intensities of seven discrete stimuli vary- 
ing in equal log steps between these values. 

The second session began 1 hour before the sched- 
uled oral surgery procedure. The subject was pre- 
pared for tooth pulp stimulation and the seven stimuli 
were presented at 20-second intervals, six times each 
in random order. These 42 stimuli were scaled by 
pointing to appropriate descriptors printed on a card 
in random order. Twenty randomly chosen subjects 
used descriptors of sensory intensity and the remain- 
ing 20 subjects used descriptors of unpleasantness. 
After initial scaling, either a combination of 0.11 mg/ 
kg of intravenous diazepam and saline or a combi- 
nation of 0.11 mg/kg of diazepam and 0.66 ug/kg of 
fentanyl was administered in a double-blind fashion. 
After a 5-minute pause, another set of 42 stimuli was 
presented and scaled. 


Results 


The relative magnitudes determined for each de- 
scriptor by each subject are shown in Table 1. Mean 
log sensory intensity responses plotted against the 
seven tooth pump stimuli are shown in Fig 1. The 
four functions show mean responses before and after 
the administration of diazepam with fentanyl (Fig 1, 
A) and before and after the administration of diaze- 
pam with saline (Fig 1, B). Effects of the intravenous 


TABLE 


Ratio-Scaled Relative Magnitudes Determined for Sensory 
Intensity and Unpleasantness Descriptors * 





Sensory intensity Unpleasantness 
Relative Relative 
Descriptor magni- Descriptor magni- 
tude tude 
Extremely intense 72.1 Very intolerable 37.4 
Very intense 48.7 — Intolerable 25.4 
intense 33.4 Very distressing 19.6 
Slightly intense 21.3 Slightly intolerable 13.3 
Strong 21.2 Very unpleasant 11.5 
Barely strong 12.8 Distressing 11.5 
Moderate 12.5 Very annoying 11.4 
Mild 4.6 Slightly distressing 6.7 
Very mild 2.9 Annoying 6.4 
Weak 2.7 Slightly annoying 4.4 
Very weak 2.0 Unpleasant 4.4 
Faint 1.7 Slightly unpleasant 3.3 


* Each magnitude was determined by cross-modality match- 


ing perceived handgrip force or duration of button press to 
magnitude of sensory intensity or unpleasantness implied by 
each descriptor. Additional cross-modality matches to physically 
measurable line-length stimuli produced calibration functions 
used to transform mean handgrip or time-duration responses to 
each descriptor from units of force or time to common units of 
line length, referred to as units of relative magnitude. 
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STIMULUS 


Fig 1. Relative magnitude of patients’ verbal judgments of sen- 
sory intensity to electrical stimulation of tooth pulp. Responses 
are shown before (@) and after (©) intravenous administration of 
0.11 mg/kg of diazepam with either 0.66 ng/kg of fentanyl! (A) 
(n = 10) or saline placebo (B) (n = 10). Relative magnitude of 
sensory intensity is shown on ordinate; seven stimuli that in- 
crease in equal log steps from pain threshold (mean = 15.7 + 
9.7 [SD] pamp) to pain tolerance (mean = 27.1 + 14.3 [SD] 
pamp) are shown on abscissa. Each point is geometric mean of 
60 observations. 


injections were analyzed by two-way analyses of var- 
iance of log response (before/after injection X stim- 
ulus) for each drug. As differences in predrug base 
line responses may contribute to the observed effects, 
the data for each dimension were analyzed also by 
two-way analyses of covariance of the difference be- 
tween the log response before and after drug admin- 
istration (fentanyl effect/saline effect X stimulus) with 
the base line as a covariate. 

Sensory intensity responses were reduced signifi- 
cantly following the administration of diazepam with 
fentanyl [F (1, 9) = 8.05, p < 0.05] but not after the 
administration of diazepam with saline [F (1, 9) = 
0.024]. A direct statistical comparison of the effects of 
each drug combination by an analysis of covariance 
shows that the changes in responses (difference 
scores) after diazepam with fentanyl also were signif- 
icantly greater than the response changes after diaze- 
pam with saline [F (1, 18) = 8.91, p < 0.01]. Thus, the 
observed effects represent the action of the drug and 
not the effect of base line level. 
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Similar effects were observed in a previous study 
(5) in which fentanyl or saline was administered with- 
out a preinjection of diazepam. Sensory intensity 
responses were reduced significantly after the admin- 
istration of fentanyl alone but not after saline alone; 
and the difference between these effects was signifi- 
cant. 

Unpleasantness descriptor responses also were 
quantified by substituting relative magnitudes indi- 
vidually determined for these descriptors. Group 
mean log unpleasantness responses plotted against 
the seven tooth pulp stimuli are shown in Fig 2: before 
and after the administration of diazepam with fen- 
tanyl (Fig 2, A) and before and after the administration 
of diazepam with saline (Fig 2, B). 

Unpleasantness responses were unaffected after the 
administration of diazepam with fentanyl [F (1, 9) = 
0.996], but reduced significantly after the administra- 
tion of diazepam with saline [F (1, 9) = 8.65, p< 
0.02]. However, an analysis of covariance showed that 
the change in response (difference scores) observed 
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Fig 2. Relative magnitudes of patients’ verbal judgments of 
unpleasantness to electrica! stimulation of the tooth pulp. Re- 
sponses are shown before (@) and after (C) intravenous admin- 
istration of 0.11 mg/kg of diazepam with either 0.66 pg/kg of 
fentanyl (A) (n = 10) or saline placebo (B) (n = 10). Relative 
magnitude of unpleasantness is shown on ordinate; seven stimuli 
that increase in equal log steps from pain threshold (mean = 
15.03 + 7.15 [SD] amp) to pain tolerance (mean = 27.55 + 
21.64 [SD] uamp) are shown on abscissa. Each point is geo- 
metric mean of 60 observations. 
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after the administration of diazepam with fentanyl 
was not significantly different from the change found 
after the administration of diazepam with saline [F (1, 
18) = 3.71, p = 0.071]. Although there is a trend for 
a difference between the results in Fig 2, A and B; the 
magnitude of the differences shown results partly 
from differences in base line level. Similar results 
were also seen in a previous study (5) in which 
fentanyl and saline were administered without a 
preinjection of diazepam. Unpleasantness responses 
were reduced after saline alone but not after fentanyl 
alone, but the difference between these effects was 
not statistically significant (5). 


Discussion 


The intensities of sensations produced by the tooth 
pulp stimulation were unaltered by diazepam with 
saline but were reduced significantly following ad- 
ministration of diazepam with fentanyl. The similarity 
of these results to those in which fentanyl or saline 
was administered without a preinjection of diazepam 
suggests that the effects observed for fentanyl do not 
represent an artifact of detecting an active drug effect. 
They also support the results of other studies (7-9, 
11, 21) that show that diazepam has little, if any, effect 
on the intensity of pain sensations. 

The present results also suggest that diazepam did 
not appreciably alter unpleasantness ratings of the 
tooth pulp sensations. Both this and a previous study 
(5) in which diazepam was not administered showed 
a nonsignificant trend for a greater reduction in un- 
pleasantness responses after saline than after fentanyl. 
The addition of diazepam in this study appeared to 
have no effect on the results of the previous experi- 
ment (5). This similarity suggests that diazepam’s 
action at a dose of 0.11 mg/kg in this paradigm is 
indistinguishable from that of saline. Further studies 
are needed to determine whether diazepam produces 
no effect on the unpleasantness of tooth pulp pain, or 
if it produces a reduction in unpleasantness that is 
nonadditive with the observed placebo effect. A non- 
additive effect would occur, for example, if either 
manipulation is sufficient to produce a maximal re- 
duction in unpleasantness responses. 

The present results provide additional support for 
the finding that narcotic analgesics produce clinical 
analgesia in part by reducing the intensity of pain 
sensations. In addition to analgesic effects observed 
in this and a previous study (5), we have assessed the 
effects of fentanyl in five additional experiments and 
the action of morphine in one study (22, 23, unpub- 
lished observations). In every case, sensory intensity 
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responses were reduced after administration of these 
narcotic analgesics. These psychophysical results in 
human subjects and recent evidence from behavioral 


and physiologic studies in animals (24-26) provide 
converging lines of evidence that mechanisms of nar- 


cotic analgesia include attenuation of the sensory- 
discriminative aspects of pain perception. 
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Effects of Mepivacaine on Adrenergic Neuroeffector 
Junction of the Isolated Rabbit Aorta 


Satoru Fukuda, MD,* Tatsuo Tsuji, DDS,} Toshisuke Murakawa, MD,+ 
Hiroshi Takeshita, MD,§ and Noboru Toda, MD, PhD]| 


FUKUDA, S., TSUJI, T., MURAKAWA, T., TAKESHITA, H., AND TODA, N.: Effects of mepivacaine on adrenergic neuroeffector 
junction of the isolated rabbit aorta. Anesth Analg 1982;61:756-62. 


The effect of mepivacaine on adrenergic neuroeffector junction was studied in the isolated rabbit aorta. Mepivacaine, 
5 x 10°*° to 5 x 1074 m, attenuated the contractile response to transmural neural stimulation, the attenuation being 
greater in the response at high frequency stimulations. The attenuation of the responses by mepivacaine was not 
prevented by prior application of cocaine. The concentration-response curve for norepinephrine was shifted to the 
right by mepivacaine, 5 xX 107° to 2 x 107? mM. The attenuation of the response to transmural stimulation was greater 
than that of the response to an equipotent concentration of exogenous norepinephrine. Pretreatment with mepivacaine, 
5 x 10°-° to 2 x 107°? m, protected alpha-adrenoceptors from persistent blockade by phenoxybenzamine in a dose- 
dependent manner. The contractile response to histamine was not significantly altered by mepivacaine in concentra- 
tions up to 5 x 1074 M. Mepivacaine, 5 X 1074 and 2 X 107° M, decreased the response to high concentrations of 
KCI. Ca?*-induced contractions in aortic strips previously exposed to Ca?*-free media and depolarized by excess K* 
were significantly inhibited by mepivacaine, 5 xX 1074 and 2 x 107° m. It may be concluded that mepivacaine causes 
vasodilation through an alpha-adrenoceptor antagonism in addition to a sympathetic nerve conduction blockade. High 
concentrations of mepivacaine appear to interfere with the transmembrane influx of calcium in the vascular smooth 
muscle. 


Key Words: ANESTHETICS, Local: mepivacaine; SYMPATHETIC NERVOUS SYSTEM: local anesthetics; ARTERIES: 


local anesthetics. 





EPIVACAINE is widely used for all types of 
infiltration and regional nerve block anesthe- 

sia. However, whether mepivacaine constricts (1, 2) or 
dilates (3-5) the vascular smooth muscle is controver- 
sial. Aberg and Dhunér (6) reported that mepivacaine 
could produce vasodilation in the hind limb of dogs, 
when the vessels had previously been contracted by 
an infusion of norepinephrine (NE). In contrast, if 
vascular tone was decreased by alpha-blockade, me- 
pivacaine decreased the blood flow. According to 
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Åberg and Whalström (7), mepivacaine produced 
contractions of the isolated rat portal vein under 
relaxed conditions, whereas the compound relaxed 
the portal vein contracted with KCI and NE. It seems 
that the action of mepivacaine alters depending on 
the vasomotor tone of vascular smooth muscle. The 
major way in which neurogenic alterations of vaso- 
motor tone are produced is undoubtedly through 
changes in the activity of sympathetic adrenergic 
nerves innervating the vascular wall (8). Thus, the 
present study was undertaken to clarify the effect of 
mepivacaine on the response of isolated rabbit aortas 
to stimulation of sympathetic nerves and exogenously 
applied agonists, including NE, epinephrine, hista- 
mine, and KCl, and to evaluate the actions of this 
compound on the adrenergic neuroeffector junction 
in the blood vessel wall. 


Methods 


Male albino rabbits, weighing 1.8 to 2.5 kg each, 
anesthetized with ether, were killed by bleeding from 
the carotid arteries, and the thoracic aorta was iso- 


N 
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lated. The aorta was helically cut into strips approxi- 
mately 25 mm long. The thoracic aorta was used for 
obtaining the dose-response curve for NE, KCI, epi- 
nephrine, and histamine. The specimen was fixed 
vertically between hooks, under a resting tension of 
2 g, in a muscle bath (20 ml capacity) containing the 
nutrient solution. Hooks anchoring the upper end of 
the strips were connected to the lever of a force- 
displacement transducer (Nihonkoden Kogyo Co., 
Tokyo, Japan). The solution was maintained at 37 + 
0.5°C and aerated with a mixture of 95% O2 and 5% 
COs. The composition of the nutrient solution was as 
follows (mm): Na*, 143.0; K*, 5.9; Ca?*, 2.5; Mg**, 1.2; 
CI, 153.9; HCOS, 25.0; SOF, 1.2; HePOF, 1.2; dex- 
trose, 10.0, The pH of the solution was 7.35 to 7.40. 
Before the start of experiments, the preparations were 
equilibrated for 60 to 90 minutes, during which time 
the bathing solution was replaced every 10 minutes. 

The aortic strips were placed between stimulating 
electrodes of a platinum plate (5x10 mm) (9). The 
gaps between the electrodes and strips were wide 
enough to allow for undisturbed contraction, and yet 
sufficiently narrow to permit effective stimulation of 
intramural nerve terminals. The preparations were 
transmurally stimulated by 0.3-msec square pulses 
with supramaximum intensity (20 V) at frequencies 
of 2, 5, and 20/sec. The number of electrical pulses 
was kept constant (200 pulses) by changing the period 
of stimulation (100, 40, and 10 seconds for frequencies 
of 2, 5, and 20/sec, respectively). Transmural stimula- 
tion was applied repeatedly until steady responses 
were obtained. In five aortic strips, the effect of 
mepivacaine, 107* m, on the contractile responses to 
transmural stimulation in the presence of cocaine, 3 
x 10°° m, was tested. The effects of bretylium, 2 X 
10% m or phentolamine, 107° m, on the contractile 
response to transmural stimulation were tested in four 
strips of each. 

Norepinephrine, epinephrine, KCI, and histamine 
were applied directly to the bathing medium in cu- 
mulative concentrations. After 20-minute exposure of 
preparations to test drugs, the dose-response relation- 
ships of NE, epinephrine, KCI, and histamine and the 
contractile responses to transmural stimulation were 


‘obtained. The tension developed by NE, 5 X 107° m; 


epinephrine, 5 X 107° m; KCI, 5 X 107 m; or histamine, 
2 X 10* m, in control media was taken as 100%. 

To test the protection by mepivacaine from phen- 
oxybenzamine-induced persistent blockade of alpha- 
adrenoceptors, the complete NE dose-response curve 
was obtained first. In the nontreated series of experi- 
ments, preparations were left for 30 minutes in the 
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Fig 1. Modification by mepivacaine (Mep) of contractile re- 
sponse to transmural stimulation. Response at frequency of 20/ 
sec in control media was taken as 100%; mean absolute value 
of tension was 0.60 + 0.05 g (n = 18). Values in parentheses 
indicate number of rreparations used. *p < 0.001; tp < 0.05 
for differences from control values. Mepivacaine attenuated 
tension developed at higher frequencies to greater extent. 


TABLE 1 


Modification of Mepivacaine-induced Attenuation of 
Contractile Response to Transmural Stimulation by 
Cocaine* 


Frequencies of stimulation 


Solution 
5/sec 20/sec 
g 

Control 0.36 + 0.06 (100) 0.59 + 0.09 (100) 
Mepivacaine, 0.23 + 0.08 (57)+ 0.21 + 0.07 (33) 

1074 m 
Control 0.33 + 0.04 0.52 + 0.08 
Cocaine, 0.73 +0.13(100)f 1.09 + 0.12 (100)T 

3x 107m 
Mepivacaine, 0.39 + 0.14 (49)£ 0.26 + 0.09 (22)t+t 

107f M 


* Values are means + SEM. In all cases number of prepa- 
rations is 5. Values in parentheses represent percentage of the 
tension (values obtained before mepivacaine were taken as 
100%). 

t p < 0.05 compared with data for control group, paired t- 
test. 

+ p < 0.05 compared with data for cocaine group, paired t- 
test. 
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Fig 2. Alterations by mepivacaine (Mep) in dose-response re- 
lationship of norepinephrine (NE). Contractile response to NE, 
5 x 107°M, in control media was taken as 100%; mean absolute 
value of tension was 2.48 + 0.12 g (n = 25). *p < 0.001; **p 
< 0.01; tp < 0.05 for differences from control values. Mepiva- 
caine shifted dose-response curve for NE to right in dose-de- 
pendent manner. 


TABLE 2 


medium without mepivacaine and then exposed for 
30 minutes to phenoxybenzamine, 2 X 10°° m. The 
preparations were washed with fresh nutrient solu- 
tions and equilibrated for 60 minutes. The dose-re- 
sponse curve for NE was then obtained. In the treated 
series of experiments, preparations were pretreated 
for 30 minutes with mepivacaine in various concen- 
trations and for another 30 minutes with phenoxy- 
benzamine, 2 X 107° m, in the presence of mepiva- 
caine. After the treated drugs were discarded, the 
dose-response curve for NE was obtained as was in 
nontreated preparations. 

Studies on the interaction between mepivacaine 
and Ca?* were carried out as follows. The contractile 
response to KCI, 3 X 107? m, was obtained in normal 
solutions, and the strips were repeatedly washed and 
equilibrated for 60 minutes. Then, the preparations 
were exposed for 60 minutes to Ca**-free media, 
during which time the medium was replaced twice 
every 20 minutes. Ten minutes after the addition of 
KCI (3 X 10°? m) to the Ca’*-free media, Ca”* in a 
concentration of 2.5 mm was added. When Ca?*-in- 
duced contractions stabilized, additional Ca** (2.5 and 
5.0 mm) was applied. Preparations were treated for 20 
minutes with mepivacaine before the addition of KC], 

Values presented in the text and figures are mean 
values + SEM. The data were analyzed statistically 
by the Student’s paired or unpaired t-test; p < 0.05 
was considered to be significant. Drugs used were: 


Effects of Mepivacaine on Median Effective Concentration (EDsos) of Norepinephrine, Histamine, KCI, and Epinephrine* 


Mepivacaine concentration > ; 
p Norepinephrine 


(x 1077 mM) 


7.5 + 0.4 
(n = 25) 
6.3 + 0.7 
(n = 5) 
9.8 + 1.2t 
(n = 6) 
11.8 + 1.7+ 
{n = 10) 
19.3 + 2.7+ 
(n = 7) 
86.1 + 22.0+ 
(n = 5) 


O (control) 
2x 107M 
5x 1077M 
1074 M 
5x 1074M 


2x1079 Mm 


* Values are means + SEM; n, number of preparations. 


EDso of: 
Histamine KCI Epinephrine 
(<x 1075 mM) (x 107% mM) (x 1077 m) 
1.2 + 0.0 21.6 + 0.6 6.7 + 0.3 
(n = 18) (n = 10) (n = 10) 
1.2 0.1 20.8 + 0.9 9.8 + 0.8t 
{n = 5) (n = 7) (n = 5) 
1.22 0.1 23.3 + 0.9 12.34 0.1T 
(n = 5) (n = 6) (n = 5) 
4.1 + 0.6+ —§ — 
(n = 6) (n = 6) 


+ p< 0.001 compared with data for control group, unpaired t-test. 
+ p < 0.05 compared with data for control group, unpaired t-test. 
§ EDso could not be determined because maximum response was suppressed. 
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Fig 3. Modification of phenoxybenzamine-induced alpha 
blockade by prior treatment with mepivacaine (Mep). Contractile 
response to NE, 5 x 107°, in contro! media before treatment 
with mepivacaine and phenoxybenzamine was taken as 100%; 
mean absolute value of contraction was 2.74 + 0.09 g (n = 
50). Nontreated, Dose-response curve for NE in preparations 
that were not pretreated with mepivacaine but treated with 
phenoxybenzamine, 2 x 1078 m. Mepivacaine 5 x 107° to 2 
x 107° m, dose-response curves for NE in preparations that 
were pretreated with mepivacaine, 5 x 1078 to 2 x 107°? m, 
then treated with phenoxybenzamine. *p < 0.001; **p < 0.01; 
tp < 0.05 for differences from nontreated group. Mepivacaine 
protected alpha-adrenoceptors from phenoxybenzamine in a 
dose-dependent manner. 


mepivacaine hydrochloride (Yoshitomi Pharmaceuti- 
cal Co.), di-norepinephrine hydrochloride (Sankyo 
Co.), histamine hydrochloride (Nakarai Chemical 
Ltd.), bretylium tosylate (Wellcome Pharmaceutical 
Co.), phentolamine mesylate (Nippon Ciba-Geigy 
Ltd.), cocaine hydrochloride (Takeda Pharmaceutical 
Co.), and phenoxybenzamine hydrochloride (Nakarai 
Chemical Ltd.). 


Results 


Treatment with mepivacaine, 2 X 107° m, did not 
alter the response to transmural stimulation. How- 
ever, mepivacaine at 5 X 10 m significantly atten- 
uated the response to the stimulation at 5 and 20/sec. 


Mepivacaine at 10% m significantly attenuated the 
response to the stimulation at all frequencies used, 
the attenuation being greater in the response at high 
frequencies. A further increase in the concentration 
to 5 X 10 * m abolished the response to stimulation 
(Fig 1). The inhibition was reversed by repeated wash- 
ing of preparations. The inhibitory effect of mepiva- 
caine, 1074 m, was not prevented by treatment with 
cocaine, 3 X 10° m (Table 1). The tension of aortic 
strips was not altered by mepivacaine in concentra- 
tions up to 2 X 107° m. Contractile responses to 
transmural stimulation were abolished by treatment 
for 20 minutes with bretylium, 2 X 107° m, or phen- 
tolamine, 107° m, in all of four aortic strips of each. 
The concentration-contractile response curve for 
NE was shifted to the right by mepivacaine (5 X 107 
to 2 X 10°° m) in a dose-dependent manner (Fig 2, 
Table 2). The inhibitory effect was reversed by re- 
peated washing cf the preparations. Concentrations 
of NE sufficient to produce the same magnitude of 
contractions as that with transmural stimulation at a 
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Fig 4. Alterations by mepivacaine (Mer) in dose-response re- 
lationship of epinephrine. Contractile response to epinephrine, 
5 x 1075, in control media was taken as 100%; mean absolute 
value of tension was 2.05 + 0.08 g (n = 10). *p < 0.001; **p 
< 0.01; tp < 0.05 for differences from control values. Mepiva- 
caine shifted dose-response curve for epinephrine to right at 
1074 and 5 x 1074 M. 
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frequency of 20/sec were 3.4 X 10°‘ m., Mepivacaine, 
5 X 107°, 10°*, and 5 X 10 m, reduced the response 
to this concentration of NE by 5.1% + 3.3% (N = 6), 
11.0% + 2.9% (N = 10), and 24.8 % + 4.5% (N = 7), 
respectively, whereas inhibitions of the responses to 
transmural stimulation at 20/sec by these concentra- 
tions of mepivacaine averaged 32.0% + 4.2% (N = 5), 
57.3% + 3.3% (N = 18), and 99.8% + 0.2% (N = 8), 
respectively. 

Treatment with phenoxybenzamine, 2 X 107° m, 
markedly attenuated the contractile response to NE 
(Fig 3, compare solid and open circles). Prior treat- 
ment with mepivacaine prevented the inhibitory effect 
of phenoxybenzamine (Fig 3, compare nontreated and 
mepivacaine-treated preparations). The higher con- 
centration of mepivacaine, the greater the prevention 
(Fig 3). 

The dose-response curve for epinephrine was 
shifted to the right by mepivacaine, 107* and 5 X 1077 
M (Fig 4, Table 2), The inhibition estimated from the 
curve of the epinephrine (3.9 X 107‘ m)-induced con- 
traction by mepivacaine, 5 X 10 * m, was 14.6% + 
1.0% (N = 5). Mepivacaine in concentrations lower 
than 10~* m did not alter the dose-response curve for 
KCI, but at 5 X 10°* m, reduced the contraction 
induced by high concentrations of KCI (30 to 50 mm). 
The greater attenuation was attained after treatment 
with 2 X 10° m mepivacaine (Fig 5). Treatment with 
mepivacaine at 2 X 10~° m shifted the dose-contractile 
response curve for histamine to the right (Fig 6) and 
significantly increased the median effective concen- 
tration of histamine (Table 2). 

Contractions induced by Ca** (2.5 mm) in aortic 
strips previously exposed for 60 minutes to Ca”*-free 
media and depolarized by excess K* were inhibited 
by mepivacaine at 5 X 107* and 2 X 107° in a dose- 
dependent manner. The inhibitory effect of mepiva- 
caine was overcome by increasing external Ca** to 5.0 
and 7.5 mo (Fig 7). 


Discussion 


The contractile response of isolated rabbit aortas to 
transmural electrical stimulation under experimental 
condition used in the present study is considered to 
result from NE released by excitation of adrenergic 
nerves, as the responses were abolished by an alpha- 
adrenoceptor blocking agent (phentolamine), an ad- 
renergic neuron blocking agent (bretylium), or tetro- 
dotoxin in the present and previous studies (9-11). 
Mepivacaine attenuated the responses to transmural 
neural stimulation and to exogenously applied NE in 
a dose-dependent manner. Bevan and Su (12) have 
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Fig 5. Effects of mepivacaine (Mep) on dose-response curve 
for potassium chloride (KCI). Contractile response to KCI, 5 x 
107? m, in control media was taken as 100%; mean absolute 
value of tension was 2.39 + 0.08 g (n = 10). *p < 0.001 for 
differences from control values. Mepivacaine in concentrations 
lower than 107* m did not alter response to KCI. 
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postulated that a uniform distribution of exogenous 
NE and nonuniform (high concentration close to nerve 
terminals but the further the distance from the nerves, 
the less the concentration of NE) distribution of neu- 
rogenic NE exist throughout the medium. When equal 
responses to neurogenic and exogenous NE are in- 
duced, the concentration at the nerve terminals of 
neurogenic NE must be higher than that of the exog- 
enous NE. Thus, well known alpha-adrenoceptor 
blocking agents like phentolamine or phenoxyben- 
zamine reduce the response to exogenous NE more 
effectively than the response to adrenergic nerve stim- 
ulation (12). In the present study, however, the atten- 
uation of the response to adrenergic nerve stimulation 
by mepivacaine, 5 X 10” to 5 X 1074 m, was greater 
than that of the response to an equipotent concentra- 
tion of exogenous NE. Therefore, it may be concluded 
that mepivacaine interferes with the release of NE 
from adrenergic nerves in addition to interference 
with the action of NE on alpha-adrenoceptors. 

The interference with the release of NE may be 
caused either by a bretylium-like action or by a 
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Fic 6. Effects of mepivacaine (Mep) on dose-response curve 
for histamine. Contractile response to histamine, 2 X 107* m, in 
control media was taken as 100%; mean absolute value of 
tension was 2.54 + 0.13 g (n = 13). *p < 0.001; **p < 0.01; 
to < 0.05 for differences from control values. Mepivacaine in 
concentrations less than 5 x 107* m did not alter response to 
histamine. 


blockade of nerve conduction. In the present study, 
prior application of cocaine in a concentration suffi- 
cient to prevent the inhibitory effect of bretylium on 
the release of NE (13) did not prevent mepivacaine- 
induced attenuation. In addition, the response to high 
frequencies of transmural stimulation was attenuated 
by mepivacaine to a greater extent. Similar results 
were obtained with lidocaine (10). Such an uneven 
effectiveness may be related to reduced excitability 
and impaired conduction of nerves by local anes- 
thetics. These findings suggest that mepivacaine at- 
tenuates the contractile response to transmural stim- 
ulation due to nerve conduction blockade rather than 
to a bretylium-like effect. 

The dose-response curve for NE in rabbit aortic 
strips was shifted to the right by mepivacaine in 
concentrations insufficient to reduce the contractile 
response to KCI and histamine. Furthermore, treat- 
ment of aortic strips with mepivacaine effectively 
protected alpha-adrenoceptors from persistent block- 
ade of phenoxybenzamine. Only blocking agents of 
a competitive type are effective in such a receptor 


protection (14). These findings suggest that mepiva- 
caine reversibly and competitively antagonizes alpha- 
adrenoceptors. 

High concentrations of mepivacaine attenuated the 
response to KCI or to Ca” in aortic strips previously 
exposed to Ca**-free media. High concentrations of 
K* releases NE from the vascular wall (15). The 
attenuation of Ca”*-induced contractions by mepiva- 
caine was reversed by excess Ca?*. Thus, it seems 
likely that the influx of Ca’* across aortic cell mem- 
brane is inhibited by high concentrations of mepiva- 
caine. Aberg and Andersson (16) reported that high 
concentrations of mepivacaine relaxed rat portal vein 
contracted by NE and the relaxing action of mepiva- 
caine was counteracted by Ca**, However, it must be 
emphasized that the ailpha-adrenoceptor antagonistic 
action is more evident in low concentrations of me- 
pivacaine than is the Ca”* antagonistic action. 

The addition of epinephrine (1:200,000) to local 
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Fig 7. Effect of mepivacaine (Mep) on calcium-induced con- 
tractions in preparations exposed to Ca?*-free media containing 
excess KCI(3 x 107? m). Contractile response to KCI, 3 x 107? 
M, in normal solutions (Ca®~ 2.5 mm) was taken as 100%: mean 
absolute value of tension was 2.22 + 0.07 g (n = 15). “p< 
0.001; tp < 0.05 for differences from control values. Calcium 
(2.5 mm)-induced contraction was attenuated by high concen- 
trations of mepivacaine. Excess calcium (5.0 and 7.5 mM) re- 
stored contraction. 
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anesthetics prolongs the duration of anesthesia, 
mainly due to vasoconstriction and retarded absorp- 
tion (17, 18). The minimum concentration of mepi- 
vacaine sufficient to inhibit significantly the sensory 
or motor nerve conduction has not been reported, but 
is probably approximately 5 X 107? m, because intrin- 
sic anesthetic potency of mepivacaine in vitro is ap- 
proximately half the potency of lidocaine, and mini- 
mum concentration of lidocaine sufficient to depress 
significantly the action potential amplitude in an iso- 
lated sciatic nerve preparation is 2.5 X 1074 m (18). If 
1% mepivacaine solution containing epinephrine 
(1:200,000) epidurally administered is diluted to a 
concentration of 5 X 107* m sufficient to block the 
sensory and motor nerve root, the concentration is 
added epinephrine would be 3.9 X 107’ m, assuming 
that the amine is equally diluted and is not metabo- 
lized. In the present study, mepivacaine, 5 X 1074 m, 
inhibited the contraction of aortic strips induced by 
epinephrine, 3.9 X 107’ m, only by 14.6% (Fig 4). This 
suggests that epinephrine in this concentration retains 
the ability to cause contraction of arterial smooth 
muscle despite the presence of the alpha-adrenocep- 
tor antagonism by mepivacaine. 
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Thiopental Suppression of Neurons of the Nucleus 
Reticularis Gigantocellularis of the Cat 
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KAWAHARA, M., KITAHATA, L. M., COLLINS, J. G., AND HOMMA, E.: Thiopental suppression of neurons of the nucleus 
reticularis gigantocellularis of the cat. Anesth Analg 1982;61:763-6. 


The effects of sodium thiopental on the single-unit activity of cells in the nucleus reticularis gigantocellularis (NRGC) 
were examined in decerebrated cats. Only cells in the NRGC that responded exclusively to electrical stimulation of A- 
delta fibers (noxious stimulation) in the superficial radial nerve were studied. Sodium thiopental caused a significant, 
dose-dependent suppression of spontaneous and evoked neuronal activity of calls in the NRGC. Spontaneous activity 
was suppressed by 66% and 98% after intravenous administration of sodium thiopental, 2.5 mg/kg and 5.0 mg/kg, 
respectively. Evoked activity was suppressed by 65% and 79%. These findings, when added to previous reports of 
the suppressive effects of nitrous oxide, morphine sulfate, ketamine hydrochloride, and halothane, suggest the 
involvement of the NRGC in nociception and provide evidence that sodium thiopental significantly modifies the 


neuronal message about a noxious stimulus as recorded at the level of the NRGC. 


Key Words: ANESTHETICS, Intravenous: thiopental; BRAIN: nucleus reticularis gigantocellularis. 





OR DECADES the reticular formation has been 

considered to be a site of action for anesthetic 
agents. The nucleus reticularis gigantocellularis 
(NRGO), located at the caudal end of the reticular 
formation, has recently been identified as an impor- 
tant locus for the transmission of nociceptive infor- 
mation from the spinal cord to higher brain centers, 
and it may also-relay descending information to the 
spinal cord (1). Burton (2) reported that cells in the 
NRGC were activated when noxious stimuli were 
presented to their peripheral receptive fields. Bowsher 
et al (3) proposed that cells in the NRGC form a relay 
for somatic impulses between the spinal cord and 
higher brain areas. Casey (4, 5) demonstrated that 
cells in the NRGC, when activated by electrical stim- 
ulation of the superficial radial nerve, had an in- 
creased neuronal activity which was associated with 
escape behavior in trained cats. Responses of cells in 
the NRGC to various types of stimulation (including 
non-noxious stimuli) have been reported (6, 7), but it 
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is agreed that many cells in the NRGC respond exclu- 
sively or maximally to noxious stimulation of periph- 
eral receptive fields. 

Many reports suggest that anesthetic agents selec- 
tively suppress the activity of central nervous system 
neurons which are activated by noxious stimuli. A 
selective effect of anesthetic and analgesic agents on 
spinal cord neuronal activity has been associated with 
noxious stimuli. Anesthetic agents such as nitrous 
oxide, morphine sulfate, ketamine hydrochloride, and 
halothane have been reported (8-11) to suppress the 
neuronal activity of cells in the NRGC. This study 
was undertaken to examine the effect of sodium 
thiopental on noxiously evoked single-unit activity of 
NRGC neurons. Such changes would provide support 
for the theory that part of the anesthetic effect of 
sodium thiopental is due to its ability to modify 
neuronal signals that can be recorded in the NRGC. 


Methods 


Thirty cats of either sex, weighing 2.5 to 4.5 kg 
each, were used in this study. Under halothane-ni- 
trous oxide-oxygen anesthesia, a tracheostomy was 
performed, and a femoral artery and vein were can- 
nulated for direct arterial blood pressure recording 
and intravenous fluid and drug administration. After 
mounting the head in a Horsley-Clarke stereotaxic 
apparatus, electrolytic lesions were made in the mid- 
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brain reticular formation for supracollicular decere- 
bration. These lesions were placed according to the 
stereotaxic atlas of Snider and Niemer (12). General 
anesthesia was then discontinued (average duration 
was 60 minutes), and the lungs were artificially ven- 
tilated with 100% Os. End-tidal COz was maintained 
at 30 to 36 torr as measured by an infrared gas 
analyzer. A pneumothorax was made to reduce the 
movement of the brainstem due to ventilation. Neu- 
ronal recordings were not started until at least 2 hours 
after the end of anesthesia. 

An intravenous infusion of lactated Ringer’s solu- 
tion with gallamine triethiodide (0.1%) was adminis- 
tered at a rate of 4 to 8 ml/kg/hr. Systolic arterial 
blood pressure was maintained at greater than 90 torr 
by administering volumes of lactated Ringer’s solu- 
tion as necessary. If the blood pressure decreased to 
less than 90 torr, the experiment was terminated. 
Systolic arterial pressure never increased to greater 
than 190 torr. Rectal temperature was maintained at 
37.0 + 1.0°C by a servo-controlled water mattress 
and infrared heating lamps. 

The superficial radial nerve was exposed and pre- 
pared for the placement of two pairs of silver bipolar 
electrodes: the proximal pair for stimulating and the 
distal pair for recording the compound action poten- 
tials. A paraffin oil pool was made to protect the 
nerve from drying; the temperature of the paraffin oil 
was maintained at 37.0 + 0.5°C by a thermostatically 
controlled heating device. 

The threshold intensity and the intensity required 
for maximum activation of the A-beta and A-delta 
components of the compound action potential of the 
superficial radial nerve were determined. Supramax- 
imal stimulation of A-beta and A-delta fibers was 
used to evaluate the response characteristics of each 
NRGC neuron. 

The snout of the animal was tilted 45° downward 
from the horizontal plane. Following suboccipital 
craniotomy, a tungsten microelectrode with a 1- to 2- 
u exposed tip (impedance 9 to 14 Mohm at 1000 Hz) 
was inserted at an angle of 25° from the vertical, 1.0 
to 2.5 mm rostral and lateral to the obex, to a depth 
of 2000 to 5000 u from the dorsal surface. The micro- 
electrode insertion was performed by a hydraulic 
micromanipulator. 

As the microelectrode was advanced into the area 
of the NRGC, to record extracellularly from single 
neurons, the contralateral superficial radial nerve was 
electrically stimulated. The stimulation consisted of 
a train of 10 pulses, each 1 msec in duration at a 
frequency of 100 Hz. These stimulus parameters were 
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found, in previous studies, to be optimal for the 
activation of the NRGC neurons. 

When activity of a single neuron with an adequate 
signal-to-noise ratio was isolated, its response to elec- 
trical stimulation of the superficial radial nerve at A- 
beta and A-delta intensities was evaluated. Only cells 
that responded exclusively to A-delta fiber (i.e., nox- 
ious) stimulation were studied. During recording of 
the neuronal activity of the NRGC, the electrical 
stimulus was repeated every 60 seconds at twice 
maximal voltage for activation of A-delta fibers. The 
compound action potential was continuously moni- 
tored on a cathode-ray oscilloscope. 

Following control studies, sodium thiopental (2.5 
or 5.0 mg/kg) was administered intravenously over a 
period of 60 seconds. Spontaneous and stimulus- 
evoked activity of a single NRGC neuron were mon- 
itored and recorded continuously until they recovered 
to control values. Drug studies were performed on 
only one neuron in each animal to eliminate accu- 
mulation of drug effects. 

The neuronal impulses were amplified by a differ- 
ential AC amplifier, displayed on a cathode-ray oscil- 
loscope, monitored by a sound system, and discrimi- 
nated by an amplitude discriminator. The instanta- 
neous firing frequency was traced on a polygraph and 
the amplified neuronal impulses and stimulus 
markers were recorded on magnetic tape for later 
computer analysis. 

Data recorded on magnetic tape were analyzed with 
the aid of a digital computer (DEC PDP 11/40). The 
spontaneous activity was averaged for 30 seconds, 
immediately before nerve stimulation. The evoked 
activity was averaged following electrical stimulation 
of the superficial radial nerve. The stimulus usually 
produced a period of activation that lasted for 1 to 2 
seconds. The duration of the activation during control 
studies for each neuron was used as the time period 
for averaging for that neuron. The evoked activity 
was considered to be any increase in neuronal firing 
frequency that was greater than the mean base line 
spontaneous rate. The statistical significance of the 
data was assessed using a paired t-test for changes 
from control values and Student’s t-test for differ- 
ences between dosages. 


Results 


Recordings were obtained from single neurons (n 
= 30) located within the NRGC. All of the cells 
responded exclusively to A-delta fiber stimulation of 
the superficial radial nerve with a burst of neuronal 
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activity lasting for several seconds which then re- 
turned to the prestimulus level of spontaneous activ- 
ity. 

Typical changes in the spontaneous and evoked 
neuronal activity of an NRGC neuron before and after 
the administration of sodium thiopental (2.5 and 5.0 
mg/kg) are shown in the Figure. 

The effect of sodium thiopental (2.5 and 5.0 mg/ 
kg) on the mean spontaneous activity of all cells 
studied is shown in Table 1. All cells were maximally 
suppressed by sodium thiopental at both dosages 
within 5 minutes after intravenous administration, 
and the effect appeared to be dose dependent. 

The effect of sodium thiopental (2.5 and 5.0 mg/ 
kg) on mean evoked activity is shown in Table 2. All 
cells were maximally suppressed by sodium thiopen- 
tal, at both doses, within 5 minutes after intravenous 
administration. 

The activity of a majority of the neurons returned 
to control values at approximately 30 and 50 minutes 
after sodium thiopental, 2.5 and 5.0 mg/kg, respec- 
tively. The remaining neurons returned to within 80% 
of control values at that same time. 
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FiGuRE. Example of polygraph tracings of instantaneous firing 
frequency (impulses/second) of single-unit activity in nucleus 
reticularis gigantocellularis during control period (left), 3 minutes 
after intravenous administration of sodium thiopental (middle), 
and during recovery (right). Arrows indicate time of occurrence 
of superficial radial nerve stimulation. 


TABLE 1 


Effect of Sodium Thiopental on Mean Spontaneous Activity 
of Single Neurons in Nucleus Reticularis Gigantocellularis* 








E Maximum % 
Firing rate at suppression 
Sodium thiopental Control maximum iromcönirol 
suppression 
values 
impulses /sec 
2.5 mg/kg (n = 15) 6.0 + 2.8 2.0 + 0.7t 66.6 + 11.1 
5.0 mg/kg (n = 15) 6.5 + 2.0 0.1 + 0.1f 98.3 + 1.14 





* Values are means + SE. 
+ Significantly different from control values, p < 0.01 (paired t-test). 
t Significantly different from 2.5-mg dose, p < 0.01 (Student's t-test). 


TABLE 2 


Effect of Sodium Thiopental on Mean Evoked Activity of 
Single Neurons in Nucleus Reticularis Gigantocellularis* 


Firing rate at Maximum % 
Sodium thiopental Control maximum  SUPPression 
ocium tniopenta s succression  f"O™M control 
PP values 
impulses / sec 
2.5 mg/kg (n = 15) 426+3.2 14.8 + 2.6+ 65.2 + 6.2 
5.0 mg/kg (n = 15) 4332+28 8.9 + 2.87 79.4 + 6.5 


* Values are means + SE. 
t Significantly different from control values, p < 0.001 (paired 
t-test). 


Discussion 


Research conducted in the 1940s and 1950s estab- 
lished both the importance of the reticular formation 
in the control and maintenance of consciousness and 
the sensitivity of that system to suppression by an- 
esthetic agents. Although we now know that anes- 
thetics have multiple sites of action, the reticular 
formation is still considered to be an important site 
of action for anesthetics. Recent research has estab- 
lished that specific loci in the reticular formation are 
important for the detection or alleviation of pain. A 
recent review (1) summarizes currently held ideas 
about such areas and indicates that the NRGC is likely 
to play an important role in the transmission of 
information about noxious events at the periphery. 
For example, anatomic studies have revealed that 
spinoreticular pathways have direct primary nocicep- 
tive afferent projections to the NRGC. 

It has been shown by Casey (13) that a majority of 
the NRGC neurons respond exclusively to noxious 
stimulation of their receptive fields. Guilbaud et al 
(14) applied intra-arterial injections of bradykinin (a 
pain-producing substance in humans) as a noxious 
stimulus and observed activation of neurons in the 
NRGC. The adequate electrical stimulus for altering 
the NRGC activity has been shown to be stimulation 
greater than A-delta threshold (13, 15), an intensity 
established by Collins et al (16) as necessary to evoke 
a sensation of pain in humans. Casey (5) demonstrated 
that electrical stimulation of the NRGC elicits escape 
and natural pain behavior in trained cats and pro- 
posed a hypothesis that the region of the NRGC is an 
integral part of central pain sensory mechanisms. 

While studies of the anatomy and physiology of 
the NRGC have continued, some investigators have 
tried to substantiate the function of the NRGC 
through pharmacologic studies. Spencer et al (8) re- 
ported that neuronal activity of cells in the NRGC, 
activated by noxious stimulation of peripheral nerves, 
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was suppressed by nitrous oxide. Using similar elec- 
trophysiologic methods, ketamine hydrochloride (9), 
halothane (10), and morphine sulfate (11) have also 
been reported to suppress the activity of cells in the 
NRGC. The above cited reports indicate that anes- 
thetic agents suppress noxiously evoked neuronal 
activity of the NRGC and that the suppression is 
greater than that seen in the spinal cord. 

Behavioral studies by Takagi et al (17, 18), in which 
morphine or enkephalin was microinjected into the 
NRGC, further support the involvement of the NRGC 
in the production of analgesia. These studies dem- 
onstrated that such injections could produce analgesia 
in awake rats. 

The results of the present study substantiate pre- 
vious work which has revealed that anesthetic and 
analgesic agents are capable of suppressing neuronal 
activity recorded at the NRGC. The importance of the 
suppression of noxiously evoked activity in the pres- 
ent study needs to be emphasized. A-delta stimulation 
is recognized as being painful in humans and nocifen- 
sive in animals. Suppression of noxiously evoked 
activity to the degree seen in the present study indi- 
cates that the “neuronal message” associated with the 
noxious stimulus is severely restricted by the time it 
reaches the NRGC. This suppression is probably not 
due to the drug action at a single site (i.e., NRGC), as 
we know that the barbiturates can reduce noxiously 
evoked activity at the level of the spinal cord (19). It 
is apparent, however, that the degree of suppression 
measured at the NRGC is greater than that seen in 
the spinal cord. 

The afferent role of the reticular formation has 
been thought of as one of activation, i.e., the reticular 
activating system “alerts” higher brain regions. Per- 
haps the drug-induced suppression of such activity, 
as seen in the present study, functions to decrease the 
“alerting signals” which would otherwise reach higher 
areas of the central nervous system. Such changes 
would be likely to decrease the awareness or sensation 
of noxious events at the periphery. 
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LIPPMANN, M., YANG, E., Au, E., AND LEE, C.: Neuromuscular blocking effects of tobramycin, gentamicin, and cefazolin. 
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Forty patients (A.S.A. class I or Il), 18 to 75 years of age, who were undergoing elective surgery were studied to 
determine the clinical and subclinical neuromuscular blocking effects of two antibiotics, tobramycin and gentamicin 
and to compare these effects with those produced by cefazolin, an aminoglycoside not known to produce paralysis. 
Patients were prospectively and randomly assigned in approximately equal numbers to one of four groups: group A 
received 1 mg/kg of tobramycin; group B, 1 mg/kg of gentamicin; group C, 500 mg of cefazolin; or group D, control 
(no antibiotic). Antibiotics were administered intravenously 45 minutes immediately preceding the study. The ulnar 
nerve was stimulated supramaximally and neuromuscular function was measured electromyographically. Anesthesia 
was induced with thiopental, 4 mg/kg IV, and maintained with endotracheal enflurane 1.0% to 1.5% (inspired) and 
N2O-O2 (2 L:1 L) after intubation. Succinylcholine (1 mg/kg) was administered after induction of anesthesia and the 
magnitude and duration of neuromuscular block monitored. d-Tubocurarine (0.1 mg/kg) was given 5 to 10 minutes 
after full recovery from succinylcholine and repeated as required, At the end of the operation, atropine, 0.02 mg/kg, 
and neostigmine, 0.4 mg/kg, were used to reverse the block. Base line neuromuscular data, duration of block of 
succinylcholine, and potency, duration of block, recovery rate, train-of-four fade, tetanic trend, response to double 
stimuli, post-tetanic effect, and reversibility of the subsequent d-tubocurarine-induced neuromuscular block were not 
significantly different (p < 0.01) between any two groups. Tobramycin, gentamicin, and cefazolin, in recommended 
single doses, lack clinical neuromuscular blocking and subclinical relaxant-potentiating effects. 


Key Words: ANTIBIOTICS: tobramycin, gentamicin, cefazolin. 





HE NEUROMUSCULAR blocking effects of an- 

tibiotics and the high mortality associated with 
accidental paralysis induced by antibiotics are well 
known (1, 2). Accidental paralysis has been induced 
clinically by 11 of 21 antibiotics known to cause 
neuromuscular block. 

Pittinger and Adamson (3) have classified neuro- 
muscular blocking antibiotics as: (a) aminoglyco- 
sides—neomycin, streptomycin, etc.; (b) polypep- 
tides—polymyxins (A, B, E); (c) tetracyclines; (d) 
other—clindamycin, lincomycin. 

The neuromuscular blocking effects of the amino- 
glycosides, especially neomycin, have been well stud- 
ied. The mechanism of action of neomycin includes 
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prejunctional impairment of calcium influx and ace- 
tylcholine output together with postjunctional de- 
crease in sensitivity to acetylcholine (4). It has been 
theorized that neomycin competes with calcium ions 
at the motor nerve terminal. 

Gentamicin and tobramycin, both aminoglycosides, 
are known to possess neuromuscular blocking effects 
in animals when given at high doses (5, 6). However, 
their neuromuscular effects have not been studied, 
compared, and reported in humans. On the other 
hand, no clinically significant neuromuscular block- 
ing effects have been observed with cefazolin. 

Antibiotic-induced neuromuscular blocks, espe- 
cially the subclinical blocking effects, are difficult to 
ascertain. Subclinical effects can be demonstrated on 
the basis of changes in sensitivity to neuromuscular 
blocking agents or on the basis of interactions with 
other drugs affecting the neuromuscular junction. The 
following parameters of increased sensitivity permit 
detection of neuromuscular block before the single 
twitch is depressed: half-refractory period of neuro- 
muscular transmission, train-of-four, and tetanic 
stimulation. Subclinical effects also may be revealed 
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by potentiating interactions between anesthetics and 
muscle relaxants. 


Methods and Materials 


This study of 40 patients (A.S.A. class I or II) who 
were undergoing elective bowel, abdominal, chest, or 
orthopaedic operations, was approved by the Human 
Subjects Committee. Included were both men and 
women, 18 through 75 years of age, who gave written 
consent. Patients were excluded if they were pregnant, 
had vestibular or hearing dysfunction, were receiving 
diuretics or any antibiotics within 4 days before the 
study, or had allergies to tobramycin, gentamicin, or 
cefazolin. 

Patients were assigned randomly in approximately 
equal numbers to one of four groups: patients in 
group A received 1 mg/kg of tobramycin; those in 
group B, 1 mg/kg of gentamicin; those in group C, 
500 mg of cefazolin; patients in group D served as 
control patients and received no antibiotic. All anti- 
biotics were administered by intravenous drip over 
the 45-minute period immediately preceding the 
study. 

Anesthesia was induced with sodium thiopental, 4 
to 5 mg/kg IV, and was maintained with enflurane 
1.0% to 1.5% (inspired) and NeO-Og (2 L:1 L) after 
tracheal intubation. Ventilation was controlled with a 
ventilator at approximately 10 ml/kg, 10 times per 
minute. 

The thumb twitch in response to ulnar nerve stim- 
ulation was monitored. The stimulation consisted of 
a single supramaximal stimulus at 0.1 Hz, train-of- 
four stimuli at 2 Hz at appropriate times, and paired 
stimuli 3 msec apart followed by a tetanic stimuli of 
50 Hz of 5 seconds duration before administration of 
d-tubocurarine and again at 50% recovery of twitch. 
The thumb twitch was quantified electromyographi- 
cally (7) and recorded. Succinylcholine (1 mg/kg) was 
administered and its effect monitored. Five to 10 
minutes after full recovery from the succinylcholine, 
each patient was given the first dose of d-tubocurarine 
(0.1 mg/kg). Subsequent doses of 0.1 mg/kg were 
given until greater than 60% suppression of the neur- 
ally evoked electromyographic response was 
achieved. The neuromuscular response to each dose 
of d-tubocurarine and the time course of the block 
produced by succinylcholine and d-tubocurarine were 
quantified and compared among groups (t-tests). This 
quantification was performed not to determine how 
valid d-tubocurarine dose-response curves were, but 
to determine the effect of d-tubocurarine in patients 
receiving antibiotics after the administration of suc- 
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cinylcholine. When twitch recovery reached 50%, re- 
sponses to train-of-four stimuli (8) and tetanic re- 
sponses were determined. At the end of the operation, 
atropine, 0.02 mg/kg, and neostigmine, 0.04 mg/kg, 
were administered to reverse the neuromuscular 
block. EDso of d-tubocurarine was estimated on log- 
probit paper. 

The means for all variables were compiled for each 
drug and were analyzed simultaneously for variance 
(ANOVA); p < 0.01 was considered statistically sig- 
nificant. 


Results 


The responses of the patients receiving tobramycin, 
gentamicin, or cefazolin did not differ significantly 
(p < 0.01) from those of the control group (Table). 
This was true when comparisons were made of the 
base line neuromuscular data, duration of succinyl- 
choline block, and the potency, duration of block, 
recovery rate, train-of-four fade at 50% block, tetanic 
trend, response to double stimuli, post-tetanic effect, 
and reversibility of the block subsequently induced 
with d-tubocurarine. There were patients in each 
group who appeared resistant to d-tubocurarine. Not 
all patients receiving 0.2 mg/kg of d-tubocurarine 
produced a neuromuscular block greater than 60%. 
Two patients, one each in the tobramycin and cefa- 
zolin groups, required a third dose of 0.1 mg/kg of d- 
tubocurarine to produce 60% suppression of the elec- 
tromyograph. A third patient in the tobramycin group 
required a fourth dose. There were no problems 
encountered in reversing the neuromuscular blockade 
following the administration of neostigmine, although 
the degree of neuromuscular transmission before neo- 
stigmine varied. In summary, gentamicin and tobra- 
mycin did not increase the sensitivity to d-tubocurar- 
ine nor did cefazolin. 


Discussion 


Gentamicin and tobramycin are known to possess 
neuromuscular blocking effects and to block neuro- 
muscular transmission in animals at high doses, but 
they are considered safer than previously popular 
aminoglycoside antibiotics. Cefazolin is supposedly 
even safer from the viewpoint of neuromuscular 
blocking side effects. Until now, subclinical neuro- 
muscular effects of these three antibiotics and their 
possible potentiating effects on relaxants have not 
been ruled out. 

Tetanic stimulation involves the application of a 
supramaximal stimulus for 5 seconds at a frequency 
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TABLE 
Patient Responses to Cefazolin, Gentamicin, and Tobramycin* 

Variable Control Cefazolin Gentamicin Tobramycin PRA 
% Block dTc, 0.1 mg/kg 42.4 + 0.06 53.1 + 0.1 29.3 + 0.09 30.9 + 0.01 0.241 
% Block dTc, 0.2 mg/kg 82.3 + 0.07 77.9 + 0.07 84.1 + 0.03 70.9 + 0.01 >0.5 
EDs (mg/kg) 0.125 + 0.02 0.113 + 0.018 0.129 + 0.013 0.157 + 0.028 0.485 
T/T at 50% dTc block 0.18 + 0.034 0.217 + 0.012 0,238 + 0.037 0.269 + 0.04 0.270 
25%-50% recovery time (min) 18.0 + 3.55 17.25 + 2.24 21.80 + 3.49 18.05 + 2.84 >0.5 
Time for 50% gain following 2.67 + 0.22 2.60 + 0.4 2.75 + 0.65 3.24 + 0.48 >0.5 

neostigmine 

R2/R, at 50% block —t 0.447 + 0.07 0.447 + 0.07 — >0.5 


* Values are means + SEM. Mean values of the variables measured together for each antibiotic, together with p values. No 
statistically significant differences (p < 0.01) were observed among the mean values of the variables analyzed. Observed significance 
level was >0.01 in all cases. Abbreviation used is: dTc, d-tubocurarine. K 


t — Data not available. 


of 50 Hz. Normally, the acetylcholine output is greater 
than necessary to evoke a propagated response in 
muscle fibers, and is more than adequate to sustain a 
propagated response over a wide range of frequencies 
of stimulation. Therefore, the response to tetanic stim- 
ulation does not fade. When the margin of safety is 
decreased, a decrease in acetylcholine output during 
repetitive nerve stimulation is manifested by the ina- 
bility to sustain a response to tetanic stimulation. 

The train-of-four is a method for quantitatively 
measuring the degree of non-depolarizing neuromus- 
cular block. It consists of a series of four supramaxi- 
mal stimuli applied to the ulnar nerve at a frequency 
of 2 Hz. Each train-of-four is repeated not more 
frequently than every 10 seconds. The ratio of the 
amplitude of the fourth evoked response to the am- 
plitude of the first response in the same train is then 
determined to assess the degree of neuromuscular 
block. A high train-of-four ratio or minimal fade of 
the twitch (i.e., a ratio of 0.7 to 0.9) indicates adequate 
recovery from a non-depolarizing block, whereas a 
low train-of-four ratio or maximal fade indicates a 
good neuromuscular block. A frequency of 2 Hz is 
used because it is rapid enough to produce significant 
depletion of the immediately available store of ace- 
tylcholine and yet slow enough to prevent facilitation. 

During and after tetanic stimulation, there is en- 
hanced mobilization of acetylcholine. Following ces- 
sation of tetanic stimulation, there is an increase in 
the readily releasable fraction of acetylcholine. Thus, 
in the post-tetanic period the quantal content exceeds 
that in the pretetanic control period. With a non- 
depolarizing block, however, the pretetanic twitch is 
submaximal. With the increased post-tetanic re- 
sponse, a larger number of muscle fibers may be 
excited by nerve stimulation, causing post-tetanic po- 
tentiation (9). 


The half-refractory period is the interval in which 
twin stimuli elicit two unequal responses where Re 
= 2 Ri and is usually approximately 3.3 + 0.7 (SD) 
msec in the absence of neuromuscular block (9, 10). 
The significance of R/R: is an experimental screening 
method to determine neuromuscular blocking effects 
of aminoglycoside antibiotics (11). Muscle relaxants, 
cholinesterase inhibitors, and neomycin change the 
refractory period of neuromuscular transmission (12, 
13). 

Interpretation of our results in light of the above 
background indicates that tobramycin, gentamicin, 
and cefazolin in recommended single doses do not 
induce clinical or subclinical relaxant-potentiating 
neuromuscular effects, nor do they differ from one 
another in this respect, to the extent detectable by 
specific monitoring techniques. 
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Comparative Cardiovascular Effects of Midazolam and 
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LeBowitz, P. W., Cote, M. E., DANIELS, A. L., RAMSEY, F. M., MARTYN, J.A.J., TEPLICK, R. S., AND DAVISON, J. K.: 
Comparative cardiovascular effects of midazolam and thiopental in healthy patients. Anesth Analg 1982;61:771-5. 


Midazolam, a water-soluble benzodiazepine that is shorter-acting, more potent, and less irritating to veins than 
diazepam, has been suggested for use for induction of anesthesia. The cardiovascular effects of an induction-sized 
dose (0.25 mg/kg) of midazolam in A.S.A. class | or il surgical patients (N = 11) sedated with morphine and N2-O-O.2 
were compared in a double-blind fashion with a similar group of patients (N = 9) receiving thiopental (4.0 mg/kg). 
Consistent with earlier studies, patients given thiopental experienced downward trends from base line in mean arterial 
pressure, stroke volume, cardiac output, and heart rate; mean right atrial pressure increased slightly, whereas 
systemic vascular resistance did not change. Induction of anesthesia with midazolam was associated with more 
gradual and less pronounced hemodynamic alteration; the only significant changes from base line were decreases in 
mean arterial pressure 5 and 10 minutes after injection. When the two groups were compared, no significant 
differences were found. Midazolam is, then, as acceptable for induction of anesthesia as thiopental from a hemody- 
namic point of view in A.S.A. class I and Il patients. 


Key Words: INDUCTION: anesthesia; HYPNOTICS: benzodiazepines, midazolam; ANESTHETICS, Intravenous: thio- 


pental. 





HE NEW BENZODIAZEPINE midazolam—8- 

chloro-6-(2-fluoropheny])-1-methyl-4H-imi- 
dazof1,5-a][1,4|-benzodiazepine—is, as the hydro- 
chloride, water-soluble when injected in an aqueous 
solution of pH <4.0 (due to an open benzodiazepine 
ring conformation) but becomes lipid-soluble at phys- 
iologic pH (due to ring closure) (1). This structural 
relationship provides a benzodiazepine that is rela- 
tively nonirritating to veins (2) and painless on injec- 
tion, compared with diazepam (3, 4). Other character- 
istics of midazolam include induction of sleep in less 
than 2 minutes after intravenous injection (5), an 
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excretion half-life of 2 hours with no known active 
metabolites (6), minimal hemodynamic effects in sed- 
ative doses (7), mild respiratory depression (8), relief 
of anxiety (9), and anterograde amnesia (10). Because 
of high patient acceptance and a low incidence of 
adverse effects when used as a sedative-hypnotic (11), 
midazolam has been suggested for induction of an- 
esthesia as well. 

Studies comparing midazolam and diazepam for 
induction of anesthesia have shown similar spectra of 
activity, except for greater potency (3), shorter dura- 
tion of action (6), and lower incidence of venous 
irritation (3) of midazolam. In contrast to thiopental 
as an induction agent (12), midazolam tends to pro- 
duce neither apnea of long duration (13), bronchocon- 
striction (14), nor laryngospasm (13), but it does cause 
ventilatory depression of longer duration than thio- 
pental (correlating with its longer-acting sedative ef- 
fect) (8, 15). The present study was undertaken to 
compare the hemodynamic effects of induction doses 
of midazolam and thiopental in healthy surgical pa- 
tients. 
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MIDAZOLAM AND THIOPENTAL HEMODYNAMICS 


Methods 


Twenty A.5.A. class I or IT male or nonpregnant 
female patients, aged 24 to 65 years, scheduled to 
undergo elective surgical procedures for which arte- 
rial and central venous catheters would ordinarily be 
placed, consented to participate in this study, as ap- 
proved by the institution’s Subcommittee on Human 
Studies. The mean age of patients in each group was 
46; the mean weight of the six male and five female 
patients receiving midazolam was 65 kg and the mean 
weight of the six male and three female patients given 
thiopental was 67 kg. The mean morphine dose in 
patients given midazolam was 17 mg, whereas the 
mean morphine dose in those given thiopental was 
19 mg. After morphine (0.1 mg/kg IM) pre- 
medication and additional morphine (up to 0.2 mg/ 
kg IV) for sedation during arterial and central venous 
catheter placement, patients were given N2O-O3z (4:2 
L/min) to inhale by mask. All patients were arousable 
and at this point breathed spontaneously. 

After a stable base line of sedation and cardiovas- 
cular stability was achieved, control measurements of 
mean arterial pressure (MAP), mean right atrial pres- 
sure (MRAP), and heart rate (HR) were obtained from 
the strip recording of a Hewlett-Packard 8-channel 
monitor (model 7758), using Statham transducers 
(model P23) and electrocardiogram lead II. Cardiac 
output (CO) was determined using a Lexington In- 
struments cardiodensitometer (model R509045) 
through computerized integration of radial arterial 
indocyanine green dye concentration following rapid 
injection of 5 mg of dye into the central venous 
circulation. Stroke volume (SV) and systemic vascular 
resistance (SVR) were derived from the measured 
data. 

Following the base line measurements, doses of 
either midazolam (0.25 mg/kg) or thiopental (4.0 mg/ 
kg) sufficient to induce anesthesia in most premedi- 
cated patients, selected randomly, was given intrave- 
nously as a bolus injection in double-blind fashion. 
The doses were equivalent in that midazolam is ap- 
proximately 15 times as potent as thiopental in in- 
ducing anesthesia (13). As patients lost consciousness, 
ventilation was assisted by mask when needed so as 
to approximate base line respiratory gas exchange. 
Additional measurements of MAP, MRAP, HR, and 
CO were made 2, 5, and 10 minutes after administra- 
tion of the study drug. No other manipulation of the 
patient was allowed until the study period had ended, 
after which tracheal intubation was performed, main- 
tenance anesthetics were added, and surgery began. 
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Base line control values for each patient were com- 
pared with individual measurements at 2, 5, and 10 
minutes, using Student's t-test for paired samples. 
Mean changes in each measurement for all patients 
given thiopental (N = 9) were then compared with 
corresponding mean changes for all patients given 
midazolam (N = 11) using Student’s t-test for inde- 
pendent samples. Two-way analysis of variance was 
used to confirm the reported t statistics and the 
equivalence of the starting populations for each he- 
modynamic measure. Differences were considered 
statistically significant when p was less than 0.05. 


Results 


The data for the study are summarized in the Table 
and in the Figure. In patients induced with thiopental, 
MAP, HR, CO, and SV all decreased below base line 
values over the 10 minutes of the study. During this 
time, MRAP increased slightly, whereas SVR did not 
change. Statistically significant differences from con- 
trol values included the decline in MAP at 2 and 10 
minutes, the increase in MRAP at 10 minutes, and the 
decrease in CO at 5 minutes. 

Changes in patients receiving midazolam were sim- 
ilar to those in patients given thiopental, but the 
effects were somewhat less pronounced and less rapid 
in onset. In comparison to control measurements, 2 
minutes following midazolam only MAP and SVR 
declined, whereas MRAP, HR, CO, and SV did not 
change. At 5 minutes and at 10 minutes, MAP, HR, 
CO, and SV decreased slightly, but no further changes 
in MRAP or in SVR were observed. The only statis- 
tically significant differences from control were the 5- 
and 10-minute decreases in MAP. 

The two groups were similar with regard to age, 
weight, morphine premedication, and Paco, levels 
following assisted ventilation. However, there were 
no significant differences between the two groups in 
any measured or derived parameter at any time. 


Discussion 


As the standard against which all other anesthetic 
induction agents must be compared, thiopental has 
been extensively investigated over the past several 
decades. Cardiovascular effects, in particular, have 
been examined in isolated myocardial and vascular 
muscle strips, in laboratory animals, in human vol- 
unteers, and in anesthetized surgical patients (16). 
Although there is a general consensus that thiopental 
effects a reduction in CO and MAP, authors have 
disagreed as to whether the primary cause is myocar- 
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TABLE 
Cardiovascular Effects of Midazolam and Thiopental* 
cO MAP 
L/min mm Hg 
Midazolam 
Base line 6.8 + 2.7 101 +18 
2 min 6.8 + 2.3 89 +13 
5 min 6.4 + 2.3 85 + 13T 
10 min 6.2 + 2.0 83 + 13t 
Thiopental 
Base line 6.9 + 1.5 95+ 12 
2 min 6.5 + 1.6 87 + 124+ 
5 min 6.0 + 1.37 87 + 16 
10 min 6.0+ 1.3 83 + 14t 
* Values are means + SD. 
+ p < 0.05 as compared with base line. 
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FiGURE. Cardiovascular effects produced by midazolam and 
thiopental. Significant changes from control levels were noted 
for mean arterial pressure (MAP) at 5 and 10 minutes following 
administration of midazolam and for MAP at 2 and 10 minutes, 
cardiac output (CO) at 5 minutes, and mean right atrial pressure 
(MRAP) at 10 minutes following administration of thiopental. 


dial depression or peripheral arterial or venous dila- 
tion. Evidence for the former includes depression of 
CO by thiopental in the fact of increasing MRAP in 
the dog heart-lung preparation (17) and its reduction 
of myocardial contractile force (18). Similar conclu- 


MRAP HR SVR SV 
beats/min mm Hg/l/min mi 
623 85 +18 15245 80 + 25 
73 86 + 14 133 80 + 24 
(+3 83 + 14 19 +4 78 + 26- 
fits 83 + 14 19238 75 + 22 
644 83 +13 134+ 2 89 + 29 
8+5 79 + 12 {13453 85 + 27 
9+5 76 + 11 139+4 81 + 23 
8 + 4T 7849 13 +3 77 + 16 


sions were reached by Bendixen and Laver (19) study- 
ing intact dogs. 

Clinical studies supporting the concept of. thiopen- 
tal as a direct myocardial depressant include the work 
of Elder et al (20) and Flickinger et al (21), whose 
patients experienced reductions in cardiac index and 
MAP as well as a slight increase in SVR, which was 
felt to be compensatory. The concept of thiopental as 
a peripheral vasodilator is supported by the clinical 
study of Etsten and Li (22), who concluded that thio- 
pental causes venous pooling which leads to de- 
creased blood return to the right atrium with subse- 
quent decrease in cardiac index, not primarily due to 
myocardial depression. Fieldman et al (23) also con- 
cluded that the observed reduction in central blood 
volume after thiopental reflected peripheral vasodi- 
lation and not direct myocardial depression. 

Diazepam, because of its minimal cardiorespiratory 
effects, even in sick patients, when used in sedative 
doses (24-26), was proposed in the 1960s as an alter- 
native to thiopental for induction of anesthesia. Rol- 
lason (27), for example, found diazepam to induce 
anesthesia satisfactorily in unpremedicated patients at 
a mean dose of 0.44 mg/kg (range 0.16 to 0.83 mg/ 
kg) and in premedicated patients at a mean dose of 
0.23 mg/kg (range 0.11 to 0.50 mg/kg). Fox et al (28), 
in comparing thiopental (4.1 mg/kg) with diazepam 
(0.33 mg/kg), observed a smoother, more gradual 
induction with diazepam, although decreases in blood 
pressure and increases in heart rate were similar in 
the two groups. Dechéne and Desrosiers (29) also 
compared diazepam and thiopental and found that in 
premedicated patients a mean dose of 0.46 mg/kg of 
diazepam caused less respiratory ‘depression, less 
stimulation of tracheobronchial secretions, less bron- 
choconstriction, and less hemodynamic change than 
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thiopental (7.11 mg/kg). Knapp and Dubow (30) re- 
ported that no patients given diazepam (0.2 mg/kg) 
experienced decreases in MAP more than 15% from 
control levels whereas 67% of patients given thiopen- 
tal (2 mg/kg) had decreases in blood pressure in 
excess of 15%. Furthermore, only 1% of patients given 
diazepam sustained more than a 15% reduction in 
cardiac output (in contrast to 85% of thiopental pa- 
tients). On the other hand, Rao and colleagues (31) 
found that high-dose diazepam (0.77 mg/kg) was 
associated with myocardial depression (as reflected 
by decreased blood pressure, SV, CO, and by in- 
creased HR and SVR) in healthy patients. 

As an intravenous sedative, however, a disadvan- 
tage of diazepam is venous irritation during injection 
and subsequent phlebitis (secondary to its propylene 
glycol carrier) that it produces. Korttila and Aromaa 
(32), however, observed a greater incidence of throm- 
bosis and thrombophlebitis after thiopental (2.5% so- 
lution) than after diazepam. 

The development of midazolam gave rise to the 
expectation that this newer benzodiazepine might of- 
fer the same respiratory and cardiovascular advan- 
tages over thiopental as did diazepam, but without 
the venous irritation or long-acting central nervous 
system effects associated with diazepam. When Jones 
et al (33) studied midazolam in dogs, doses as high as 
10 mg/kg produced minimal changes in MAP, HR, 
CO, SV, and SVR. In evaluating midazolam (in a fixed 
dose of 0.15 mg/kg) as an induction agent in man, 
Fragen et al (13) found MAP to decrease 25% or more 
from control values in two of 25 patients and HR to 
increase 25% or more in four of 25 patients; the 
hemodynamic effects were not significantly different 
from those observed in patients in whom anesthesia 
was induced with thiopental (3.0 mg/kg) or with 
diazepam (0.3 mg/kg). Reves et al. (34) studied in- 
duction of anesthesia with midazolam (in a fixed dose 
of 0.2 mg/kg) in patients with ischemic heart disease 
after morphine-scopolamine premedication and noted 
significant decreases in MAP, SV, and SVR with a 
significant increase in HR. Cardiac output, as well as 
MRAP, mean pulmonary arterial pressure, and pul- 
monary capillary wedge pressure, were, however, not 
significantly changed. Samuelson and co-workers (35) 
studied a similar group of patients in whom anesthesia 
was induced with midazolam (in a fixed dose of 0.2 
mg/kg) while breathing 50% NeO-O3z instead of 100% 
Oc. The addition of N2O appeared to blunt the vaso- 
dilatory effects of anesthesia induction. Although a 
similar array of cardiovascular effects occurred, sig- 
nificant reductions from preinduction levels were 
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noted only for pulmonary arterial pressure, pulmo- 
nary capillary wedge pressure, and SV. 

The present study compared midazolam and thio- 
pental under identical preinduction conditions at a 
predetermined dose schedule in a double-blind fash- 
ion. The findings that thiopental (4.0 mg/kg) caused 
reductions in MAP, CO, HR, and SV; an increase in 
MRAP; and no change in SVR are consistent with 
much of the clinical information cited above. Thio- 
pental acts primarily as a myocardial depressant, not 
as a peripheral vasodilator, at least under the condi- 
tions of this study. 

Compared with thiopental, midazolam exerts more 
gradual effects on the circulation in parallel with its 
more gradual induction of anesthesia. At a 0.25 mg/ 
kg dose of midazolam in healthy patients after mor- 
phine sedation and with 66% NeO inhalation, the only 
circulatory changes after 2 minutes were decreases in 
MAP and SVR. At 5 and 10 minutes, CO, HR, SV, as 
well as MAP decreased slightly, whereas MRAP did 
not change and SVR showed no further alteration. 
The only significant changes from base line were the 
decreases in MAP (16% to 18%) at 5 and 10 minutes. 
The cardiovascular responses of midazolam induction 
under these conditions are characterized by central 
nervous system-induced disruption of heightened 
sympathetic tone, i.e., the induction of an anesthetic 
state. Midazolam tends to maintain CO, HR, SV, and 
MRAP at contro! levels better than thiopental. 

Despite the differences in cardiovascular perform- 
ance produced by these two drugs, no significant 
differences in any measured or derived parameter 
could be determined at any time in this study. Hence, 
from the cardiovascular point of view, midazolam 
appears to offer some theoretical advantages over 
thiopental and, clinically, is at least as good as thio- 
pental as an anesthesia induction agent in healthy 
patients. The relative value of midazolam compared 
with thiopental as an induction agent in sicker patients 
remains to be determined. 
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The purpose of this prospective, randomized study was to measure both the independent and interactional effects of 
dilution, pressure, and apparatus on flow rates and hemolysis during rapid administration of erythrocytes. Administra- 
tion of undiluted erythrocytes increased the concentration of plasma-free hemoglobin by as much as 270% per unit 
under certain conditions. Transfusion flow rates for packed red blood cells were found to be determined by dilution, 
pressure, and apparatus and varied by as much as 450%. No significant correlation was found between flow rate and 
hemolysis. Regardless of the external bag pressure applied or the transfusion apparatus used, packed erythrocytes 
should be diluted (with at least 100 ml of normal saline) to decrease hemolysis and increase flow rate. 


Key Words: TRANSFUSION: hemolysis. 


OMPONENT therapy rather than whole blood 

has become a mainstay of blood transfusion. 
Hence, anesthesiologists continually face the resultant 
problem: how should packed erythrocytes (PRBCs) 
be transfused to minimize hemolysis while maximiz- 
ing flow rate? Transfusing viable red blood cells will 
maintain a long-term oxygen-carrying capacity while 
minimizing the risk of any undesired sequelae pro- 
duced as a result of an increased circulating concen- 
tration of cellular contents and stroma (1). 

Presently, no data exist to guide the optimal rapid 
administration of packed red blood cells (PRBCs). 
The purpose of this prospective, randomized study 
was to measure both the independent and interac- 
tional effects of dilution, pressure, and apparatus on 
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red blood cell (RBC) hemolysis and flow rate so as to 
indicate better methods for transfusion therapy in 
situations requiring rapid infusion of PRBCs. 


Methods 


A 3 x 2 x 2 factorial in vitro experimental design 
was used to assess the effects of dilution, external 
delivery pressure, and apparatus on both hemolysis 
and flow rate. Twelve units (bags) of PRBCs were 
obtained from the hospital blood bank. Three levels 
of dilution [none, 100 ml of normal saline (NS), and 
200 ml of NS], two levels of external bag pressure 
(150 or 300 torr), and two types of apparatus (abbre- 
viated or complete) were used. Aliquots from the 12 
units were allocated by a table of random numbers to 
each treatment combination. 

The complete apparatus (Fig 1) consisted of a recip- 
ient set (Travenol Y set) with NS attached to one side 
and the unit of packed cells to the other. Before 
attachment, a blood filter (Pall Ultrapore SQ-405) was 
inserted into the RBC unit. The outlet of the recipient 
set was connected to a blood warmer (Dupaco Hem- 
ocoil) maintained at 37°C. The warming coil was 
connected to an extension tube (McGaw V5404), a 
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Fig 1. Complete apparatus consisting of Travenol Y-recipient 
set with normal saline (NS) and packed red blood celis (PRBCs) 
and Pall Ultrapore filter. Dupaco Hemocoil, a McGaw extension 
set, a Pharmaseal three-way stopcock, and a Vicra Quick-Cath 
catheter all connected in series. Abbreviated apparatus consists 
of only the Y-recipient set and catheter. Fenwal pressure bags 
supplied external delivery pressure. 


three-way stopcock (Pharmaseal K75), and a 16-gauge 
intravenous catheter (Travenol Quick-Cath). Pressure 
bags (Fenwal) supplied the external delivery pressure. 
For the abbreviated apparatus, only the recipient set 
with appropriate solutions and the intravenous cath- 
eter were used. 

Before assembly, the composition of each unit of 
blood was characterized according to age, blood type, 
and hematocrit level. After the 12 units were assem- 
bled, 72 paired aliquots of blood (5 ml each) were 
randomly sampled (six pairs from each unit). Samples 
were drawn using a random number table. For each 
pair, one sample was obtained from the bag by syringe 
and needle through a sample port placed in the bag 
before flow. This was considered the inlet sample. 
The other sample was -obtained at the intravenous 


- catheter outlet as blood flowed through the adminis- 


tration apparatus. This was considered the outlet sam- 
ple. In order to eliminate transients and to reach 
steady state, blood was allowed to flow for 5 seconds 
through the apparatus before sampling. 


Free hemoglobin was measured in each of the 
paired samples. Hematocrit level of the sample drawn 
at the outlet of the apparatus was also measured. 
Other measurements made in each of the six paired 
observations were flow volume (measured with a 
graduated cylinder) and flow time (measured with a 
stopwatch). Flow rate was calculated by dividing flow 
volume by flow time. Free hemoglobin was measured 
by a modification of the spectrophotometric method 
described by Jacobs and Fernandez (2) and by Van- 
zetti and Valente (3). These assays are based on the 
peroxidase activity of hemoglobin using diansidine 
rather than benzidine as the substrate. 

Typical transfusion methodologies were simulated. 
Packed RBCs, undiluted or dituted with different 
volumes of NS, were allowed to flow through the 
administration systems. Collected samples were cen- 
trifuged. Supernatant plasma was extracted with Pas- 
teur pipettes for free hemoglobin determination spec- 
trophotometrically using the plasma hemoglobin 
method described. Hemolysis was measured as a 
change of free hemoglobin concentration in the 
plasma between initial and outlet blood samples. 

Three-way analysis of variance assessed the main 
and interactional effects of dilution, pressure, and 
apparatus on hemolysis (the difference in free he- 
moglobin concentration, outlet-inlet) and flow rate. 
One-way analysis of variance and the Student’s t-test 
for grouped data were used for univariate compari- 
sons. Following a significant one-way analysis of var- 
iance, Scheffe’s method was used to detect differences 
in means. Linear regression examined the association 
of extraneous variables with flow rate and hemolysis. 
Statistical significance was defined as p < 0.05. 


Results 


A description of the 12 units of PRBCs studied is 
presented and summarized in Table 1. Experimental 
conditions for each unit are also described. 

The degree of dilution was the only independent 
variable that significantly affected hemolysis as meas- 
ured by increase in free hemoglobin concentrations 
(Table 2). However, a three-way interaction effect of 
dilution, external driving pressure, and apparatus was 
noted (p = 0.024). Undiluted PRBCs resulted in a 
significantly greater increase in free hemoglobin con- 
centration than did dilution with either 100 or 200 ml 
of NS (p < 0.05) for both a concentration (mg/ml) 
and total per unit basis (mg/unit) (Table 2). As shown 
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in Table 2, changes in concentration and total free 
hemoglobin per unit were greater without dilution for 
the abbreviated apparatus at 300 torr than at 150 torr. 
The reverse was found for the complete apparatus 
with the maximum hemolysis occurring without di- 
lution, complete apparatus, and 150 torr driving pres- 
sure (4.71 mg/dl and 2.7 mg/unit, respectively). Val- 
ues near zero and negative values are not significantly 
different from zero. 

Flow rate (Fig 2) was a significant function of all 
three independent variables [dilution, external driving 
pressure, and apparatus (p < 0.001)] and also a func- 
tion of a two-way interaction between dilution and 
apparatus (p < 0.001) (Fig 2). Lowest flows of 6.0 + 
0.2 ml/min were measured for units undiluted, the 
complete apparatus, and an external pressure of 150 
torr. The maximum flow rate (166.8 + 12.3 ml/min) 
was measured for units with 200 ml of NS dilution, 
the abbreviated apparatus, and 300 torr pressure. In 
general, with the higher pressure, the greater dilution, 


TABLE 1 
initial Characteristics of Units of Packed Red Blood Cells 
and Experimental Conditions 





Unit Type* Aget Pressure saline Hematocrit§ 
ratus} dilution 
Fe ee ee ee 
days torr ml 

1 O+ 24 150 A 0 89.9 + 0.8 

2 A+ 24 150 A 100 53.4 + 2.2 

3 O+ 19 150 A 200 42.3 + 1.7 

4 AB+ 24 300 A 0 83.2 + 0.3 

5 O- 21 300 A 100 56.4 + 0.7 

6 O+ 21 300 A 200 43.6 + 0.3 

7 AB+ 24 150 C 0 81.2 + 0.4 

8 O+ 19 150 C 100 61.1 + 0.9 

9 O+ 19 150 C 200 46.1 + 0.9 
10 A+ 21 300° C 0 71.6 + 0.7 
11 O+ 24 300 C 100 55.7 + 1.0 
12 A+ 24 300 © 200 43.2 + 0.8 


* Type: A (n = 3), AB (n = 2), O (n = 7). 

+ Age: 19 days (n = 3), 21 days (n = 3), 24 days (n = 6). 

+ Abbreviations used are: A, abbreviated apparatus, C, complete 
apparatus. 

§ Values are means + SEM. 


TABLE 2 


and the shorter flow tubing, flow rate increased (Fig 
2). 


Discussion 


Transfusion of PRBCs should be accomplished us- 
ing methods that facilitate long-term erythrocyte ox- 
ygen-carrying capability with minimum risk of un- 
desirable sequelae (1) such as an increase in the 
circulating concentration of cellular contents (primar- 
ily free hemoglobin) and cellular debris (stroma) pro- 
duced by red cell damage (4). Only solutions contain- 
ing erythrocytes (PRBCs, whole blood) with adequate 
intracellular hemoglobin are routinely available and 
effective in carrying an appropriate amount of oxygen 
for tissue metabolism over a long-term basis. 

Factors affecting the viability of red blood cells can 
be divided into two groups—biochemical and me- 
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Fig 2. Effects of dilution, pressure, and apparatus on flow rate. 
For each dilution, flow rate was significantly increased for ab- 
breviated apparatus at 300 torr (p < 0.05). 


Effect of Dilution on Free Hemoglobin (FHb,) for Given Apparatus and External Pressure* 


Change FHb, concentration 


Change FHb, per unitt 


Normal 

saline Abbreviated Complete Abbreviated Complete 

dilution 

150 torr 300 torr 150 torr 300 torr 150 torr 300 torr 150 torr 300 torr 
mi ma/di mg/unit 
0 —0.55 + 2.8 2.28 + 1.75 4.71 + 2.09 0.55+0.41 ~-0.11 + 0.92 0.99 + 0.88 2.7 & 1.17 0.47 + 0.36 

100 —0.3 + 0.10 -0.40+0.22 -0.21+0.51 -0.20+0.09 -~-0.02+0.18 -0.72+0.38 ~0.85 + 1.12 ~-0.36+ 0.15 
200 —0.13 + 0.07 0.37 +0.11 -0.10+0.07 -0.09+0.06 ~0.39 + 0.22 1.02 + 2.7 ~0.36 + 0.24 -0.23 + 0.16 





* Values are means + SEM; p < 0.05 among three dilution groups. 


+ Calculated assuming total volumes after each dilution of 250, 350, and 450 mi, respectively. 
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chanical (1). Biochemical factors that characterize 
PRBC (age, blood type) cannot be directly controlled 
by the anesthesiologist. However, mechanical varia- 
bles affect the destruction of erythrocytes during 
transfusion and can be influenced by the anesthesiol- 
ogist. These variables can be classified as intracellular 
and extracellular (1). The primary intracellular varia- 
ble affecting cellular integrity is osmotic pressure 
resulting from the amount and type of solution used 
for RBC suspension. Extracellular variables result 
from the forces existing within the flowing solution 
and can be described using rheologic principles (5). 
Investigations of cellular destruction in blood flow 
systems have noted that the magnitude of hemolysis 
is directly proportional to magnitude of shear stress 
(6) and cellular-solid surface interactions (7). Shear 
stress is the resultant force acting on cells. That stress 
is directly proportional to the degree of aggregation 
or amount of force required to start flow (yield stress), 
the resistance of the fluid to flow {viscosity), and 
velocity changes across the flow channel (rate of 
shear) (5). Yield stress and viscosity are affected di- 
rectly by hematocrit and plasma protein concentra- 
tion. Rate of shear is a direct function of the type of 
fluid and flow (laminar or turbulent). Shear stress, 
hence hemolysis, is a direct function of hematocrit, 
protein concentration, and the type of flow. As each 
of these variables is also a direct function of dilution, 
more dilution produces less hemolysis (Table 2). 
Whether hemolysis can be completely attributed to 
shear stress is uncertain. Eurenius and Smith (8) have 
demonstrated increased hemolysis from increased in- 
fusion pressure and erythrocyte age. In addition to 
the effects of age and infusion pressure, Leverett et al 
(7) suggested that at a threshold shear stress level 
greater than 1500 dynes/cm,” extensive cell damage 
results directly from shear stress with minimal effects 
from the secondary factors of solid surface interaction. 
In this experiment, shear stress was estimated (shear 
stress = pressure X radius/2 X length) to vary from 
150 to 600 dynes/cm’. This implies that secondary 
factors play an increased role in cellular destruction. 
The increased hemolysis that appeared in the pres- 
ent experiments with the complete apparatus at the 
lower pressure (150 vs 300 torr) without dilution 
(Table 2) could result from the confounding variables 
of hematocrit (81.2 vs 71.6), and age (24 vs 21 days) 
as suggested by Eurenius and Smith (8), as well as 
possible increased interactions between the RBCs and 
the tubing surface as suggested by Leverett et al. (7). 
Flow rate is a direct function of the type of flow. 


For Reynolds numbers [Reynolds number = (density 
x velocity X diameter)/viscosity] of less than 2100, 
laminar flow exists. For the conditions investigated, 
all Reynolds numbers were less than 900. Because 
laminar flow existed, trends in flow rate can be esti- 
mated as a direct function of yield stress, pressure, 
and the fourth power of the radius and an inverse 
function of viscosity and tubing length (5, 8). There- 
fore, increased hematocrits (increased viscosity), 
longer lengths of tubing (complete apparatus), and no 
external pressure (decreased driving force) will result 
in diminished flow rates as presented in Fig 2. 

Lack of correlation between flow rate and change 
in free hemoglecbin concentration may have resulted 
because laminar flow existed throughout the experi- 
mental conditions. At Reynolds numbers greater than 
2100 (turbulent flow and increased shear stress), the 
change in free hemoglobin concentration may be a 
function of flow rate. 

The present experiment was designed for situations 
requiring the rapid infusion of PRBCs. However, 
some indication of the magnitudes of flow rates and 
hemolysis for situations in which no pressure bags 
were used (i.e., gravity flow) might be inferred from 
the results. From the data and previous discussion, 
the maximum flow rate (166.8 + 12.3 ml/min) would 
be reduced to approximately 50 ml/min for gravity 
flow if the height between the blood unit and trans- 
fusion outlet were 4 ft without a pressure bag. This 
predicted value results from the direct relation be- 
tween pressure and flow (flow B = flow A X pressure 
B/pressure A). Hemolysis should be less than that 
obtained (Table 2). In an in vitro pilot study that 
utilized a similar methodology with 18-day-old whole 
blood (hematocrit 35), results of this magnitude were 
obtained for gravity flow. For analogous conditions of 
gravity flow with both the abbreviated and complete 
apparatus, flow rates of 52.6 + 1.9 ml/min and 13.3 
+ 0.05 ml/min were obtained. The measured free 
hemoglobin was 0.44 and 0.17 mg/dl, respectively. 

In conclusion, regardless of the external bag pres- 
sure applied or the transfusion apparatus used, PRBCs 
should be diluted to decrease hemolysis and increase 
flow rate. Although PRBC flow rate is determined by 
dilution, pressure, and apparatus, no significant cor- 
relation was found between flow rate and hemolysis. 
Administration of undiluted PRBCs increases me- 
chanical damage to the RBCs by known rheologic 
factors (shear stress) and cellular material interactions 
resulting in an increase in free hemoglobin concentra- 
tion. 
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Esophageal Lead for Intraoperative 
Electrocardiographic Monitoring 


Robert A. Kates, MD,* James R. Zaidan, MD,7 and Joel A. Kaplan, MD 


KATES, R. A., ZAIDAN, J. R., AND KAPLAN, J. A.: Esophageal lead for intraoperative electrocardiographic monitoring. 
Anesth Analg 1982°61:781-—5. 


The use and safety of the esophageal electrocardiogram for detection and diagnosis of dysrhythmias or ischemia 
during anesthesia was compared with the conventional electrocardiogram using leads Il and Vs in 20 patients 
undergoing coronary artery bypass graft surgery. Using an intra-atrial electrocardiogram as the standard to provide 
detection and definitive diagnosis of dysrhythmias, the correct diagnosis from leads Il and Vs was made in 53.8% and 
42.3% of cases, respectively, whereas 100% of the dysrhythmias were properly diagnosed from the esophageal 
electrocardiogram (p < 0.05). In two patients, the presence of a significant dysrhythmia was not detected using 
standard leads Il and Vs alone. Large, distinct P waves, resulting from the proximity of the esophageal lead to the left 
atrium, clearly established the temporal relationship between atria! and ventricular depolarization. Posterior myocardial 
ischemia was diagnosed in one patient by ST-segment elevation in the esophageal electrocardiogram, whereas leads 
ll and Vs did not demonstrate ischemic changes. No complications were encountered during the study. The esophageal 
lead is safe, simple to use, and provides valuable information for detection or diagnosis of dysrhythmias and myocardial 


ischemia during anesthesia. 


Key Words: MONITORING: electrocardiography, esophageal; HEART: esophageal electrocardiography. 





OMPLEX dysrhythmias occasionally occur dur- 

ing anesthesia and often pose difficult diagnos- 
tic problems. As major hemodynamic consequences 
can result from these dysrhythmias, rapid and accu- 
rate detection and diagnosis are important. The clear 
identification of atrial activity from distinct P waves 
is often necessary for differentiation of various types 
of dysrhythmias (1). Standard electrocardiogram 
(ECG) lead II ‘is frequently observed for this purpose 
(2). Unfortunately, however, even the conventional 
12-lead ECG may not provide distinct P waves, es- 
pecially in the presence of tachycardias (1, 3). Place- 
ment of an ECG electrode near atrial tissue, such as 
in the esophagus just posterior to the atrium or in the 
atrium itself, results in augmented P waves on the 
ECG and clearly establishes the relationship of atrial 
to ventricular activity (4). 
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Intra-atrial electrograms (AEG) have been used in 
cardiac electrophysiologic laboratories to evaluate the 
temporal sequence of cardiac depolarization (5). This 
technique precisely confirms mechanisms of complex 
cardiac rhythms, resulting in a rapid, definitive diag- 
nosis of most dysrhythmias (5). For many years, the 
esophageal electrocardiogram has also been known to 
be a valuable technique for evaluation of dysrhyth- 
mias in nonsurgical patients (6, 7). P waves that were 
absent or barely discernible on the standard 12-lead 
ECG have been shown to be prominent and distinct 
on an esophageal ECG (6). Compared with lead II, the 
esophageal lead has been found to be superior for 
elucidating the exact nature of complex dysrhythmias 
(8). 

The esophageal ECG has also been shown to be 
useful for evaluating ischemia of the left ventricle (9). 
The diagnosis of posterior ischemia and infarction, 
often difficult using conventional ECG leads, is facil- 
itated by the esophageal ECG due to its proximity to 
the posterior aspect of the left ventricle (10, 11). 

Considering the limitations of the surface ECG, this 
investigation was designed to evaluate the use and 
safety of the esophageal ECG for detection and diag- 
nosis of dysrhythmias during anesthesia by compar- 
ing it with the standard ECG and the AEG. In addition, 
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changes in ST segments reflecting posterior myocar- 
dial ischemia were assessed. 


Methods 


After approval by the Human Investigations Com- 
mittee, 13 men and seven women, aged 49 to 69 years, 
scheduled for elective coronary artery bypass grafting, 
gave informed consent and were included in the 
study. All patients had normal sinus rhythms; how- 
ever, five patients had evidence of conduction prob- 
lems, two with first degree heart block, and one each 
with right bundle branch block, left bundle branch 
block, and left anterior hemiblock. One patient also 
had chronic premature ventricular contractions. Six- 
teen patients received beta-adrenergic receptor block- 
ing drugs until the morning of surgery, and three 
others were chronically receiving digoxin. 

Conventional intraoperative electrocardiographic 
analysis consisted of a 7-lead ECG (I, Il, M, aVR, aVL, 
aVF, Vs) monitored with a Hewlett-Packard 78208A 
ECG monitor with a lead selector and recorded on a 
Gould 2800 7-channel recording system. Each patient 
had an Edwards multipurpose Swan-Ganz catheter 
inserted before anesthetic induction via the right in- 
ternal jugular vein using the Seldinger technique. This 
pulmonary arterial catheter is equipped with two 
intraventricular pacing electrodes located 18.5 and 
19.5 cm from its distal end, and three intra-atrial 
electrodes situated 28.5, 31.0, and 33.5 cm from the 
distal end. Correct position of the intra-atrial elec- 
trodes was verified by their atrial pacing capability at 
a threshold less than 20 mamp using a Medtronic 
#5337 external pacemaker. Two of the intra-atrial 
electrode wires were then incorporated as the right 
arm and left arm electrodes in a lead I ECG circuit 
and monitored as a bipolar AEG. This intracardiac 
electrogram was used as the standard from which 
definitive dysrhythmia diagnoses were made. 

The esophageal ECG was a #24 French esophageal 
stethoscope modified with two external chloridized 
silver wire electrodes 0.95 cm in width and situated 7 
and 20 cm from the distal end of the stethoscope (Fig 
1). Each electrode wire was extruded through the wall 
of the stethoscope to its proximal end and chemically 
welded to a standard ECG lead wire. A Hewlett- 
Packard #14392A electrocautery protection filter con- 
sisting of a 3 mHz inductor and a 10 k-ohm resistor 
was inserted into the esophageal ECG circuit between 
the esophageal ECG lead wires and the monitor cable. 
Incorporation of the esophageal leads as the right arm 
and left arm electrodes of lead I established a bipolar 
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FIG 1. Modified esophageal stethoscope showing two external 
coil electrodes and ECG lead wires. 


esophageal ECG circuit. The esophageal stethoscope 
was inserted blindly via the mouth after tracheal 
intubation and it was positioned at the point of the 
maximum positive P wave amplitude appearing on 
the ECG monitor, distal to the point at which a 
biphasic P wave was observed. This resulted in the 
electrodes being positioned posterior to the left ven- 
tricle, just inferior to the atrioventricular groove. The 
position of the stethoscope was not changed after the 
patients were given anticoagulants. All of the ECG 
monitors were electrically isolated and recorded at a 
paper speed of 25 mm/sec with a standardization of 
I mV = 10 mm. 

ECG leads II and Vs, as well as the esophageal ECG, 
were continuously monitored and observed for dys- 
rhythmias. If a dysrhythmia was suspected in any of 
these leads, the AEG was recorded and a definite 
diagnosis was obtained. The diagnosis of dysrhyth- 
mias was made in order from recordings of leads Vs 
and Il, esophageal ECG, and then the AEG. The 
diagnosis from the esophageal ECG and surface ECG 
were considered correct if they were the same as the 
diagnosis obtained from the AEG. The dysrhythmias 
were analyzed as to type, frequency, time of the 
surgery during which they occurred, and incidence of 
misdiagnosis by either standard or esophageal leads. 
Myocardial ischemia was diagnosed by ST segment 
depression or elevation > 1 mm in the standard or 
esophageal ECG. All patients were questioned after 
surgery for symptoms of esophageal discomfort. 

The incidence of misdiagnosis using leads II, Vs, 
and the esophageal ECG was compared using chi- 
square two-variable tests. Statistical significance was 
determined at the p < 0.05 level. 
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TABLE 


Comparison of Esophageal Electrocardiogram (ECG) and 
Standard ECG for Correct Dysrhythmia Diagnosis 





Correct diagnosis 


Dysrhythmia No. 
Vs Il Esophageal 

Sinus bradycardia 4 4 4 4 
Sinus tachycardia 1 1 1 1 
1° heart block 1 0 0 1 
2° heart block 2 0 Q 2 
3° heart block 4 0 1 4 
Frequent premature ven- 2 2 2 2 

tricular contractions 
Frequent premature atrial 5 2 3 5 

contractions 
Atrial flutter 2 0 0 2 
Atrial fibrillation 3 2 2 3 
Paroxysmal atrial tachy- 1 0 0 1 

cardia 
Nodal rhythm 1 0 C 1 
% correct — 42.3 63.8 100 


NSR with PAC 





Fig 2. Dysrhythmia progression in one patient is shown. Esoph- 
ageal ECG (EsECG) distinctly reflects changes in atrial rhythm 
from normal sinus rhythm (NSR) with one premature atrial con- 
traction (PAC), to atrial flutter (A. Flutter), and atrial fibrillation 
(A. Fibrillation). Lack of information about atrial activity from 
lead Vs made definitive diagnosis impossible. 


Results 


Twenty-six episodes of sustained dysrhythmias oc- 
curred in 14 patients and six patients had no dys- 
rhythmias (Table). Twenty percent of the dysrhyth- 
mias occurred before opening or after closing the 
chest and included atrial flutter, sinus bradycardia, 
sinus tachycardia, and premature ventricular contrac- 
tions, all of which required treatment. The 62% of 
dysrhythmias that occurred immediately before car- 
diopulmonary bypass usually developed during atrial 
cannulation. The most common dysrhvythmias with 
the chest open were premature atrial contractions, 
atrial flutter, or atrial fibrillation associated with atrial 
cannulation, and second and third degree heart block 
associated with return of cardiac rhythm after hypo- 
thermic hyperkalemic cardioplegia. 

Using the AEG as the standard, the correct diag- 
nosis was made from leads II and Vs in 53.8% and 
42.3% of cases, respectively (no significant difference), 
whereas 100% of the dysrhythmias were properly 
diagnosed from the esophageal ECG lead (p < 0.05) 


(Table). With both the esophageal ECG and the AEG, 
the P waves were equally distinct and the temporal 
relationships between atrial and ventricular depolar- 
izations were clear. Indistinct P waves on standard 
lead IJ and precordial lead Vs resulted in incorrect 
diagnoses of dysrhythmias, and in two patients, dys- 
rhythmias were missed (Figs 2 and 3). 

Figs. 2 to 4 are examples of simultaneous ECGs 
which demonstrate the advantage of the esophageal 
ECG over the conventional ECG for identification of 
atrial activity (Fig 2). During episodes of supraven- 
tricular tachycardia or heart block, P waves were 
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Fia 3. Clear identification of P waves in esophageal ECG 
(EsECG) and intra-atrial electrogram (AEG) allows for correct 
diagnosis of first degree heart block and left bundle branch 
block progressing to second degree heart block, Mobitz type Il. 
P waves are practically lost in down slope of preceding T waves 
in leads Ill and Vs which resulted in incorrect diagnosis of sinus 
bradycardia rather than second degree heart block. 





Fig 4. Leads ll and Vs show rhythm strips with a variable heart 
rate and no discernible P waves; diagnosed as atrial fibrillation. 
Simultaneous esophageal ECG (ESECG) shows regular P waves 
at a rate of 280 . min`! with varying atrioventricular block, 
allowing for correct diagnosis of atrial flutter with varying biock. 


ANESTHESIA AND ANALGESIA 
Yol 61, No9, September 1982 783 


ESOPHAGEAL ELECTROCARDIOGRAM 


Baseline 





Postoni 
Ischemia 


on | By pass 
Se jt A 


TE i EsECG 


Fig 5. True posterior ischemia with ST segment elevation iso- 
lated to esophageal ECG (EsECG). Also, note ease with which 
diagnosis of a regular sinus rhythm is made from EsSECG com- 
pared with leads II and Vs. 


sometimes lost in the preceding T waves on the 
surface ECG (Fig 3). Furthermore, the inability of the 
surface ECG to detect atrial flutter waves clearly 
resulted in one case of atrial flutter with varying block 
being diagnosed as atrial fibrillation (Fig 4), and an- 
other case of atrial flutter with 2:1 block being diag- 
nosed as normal sinus rhythm from leads II and Vs 
(Fig 2, middle panel). 

One patient developed ST segment elevation only 
on the esophageal ECG, not in leads II or Vs (Fig 5). 
The ST segment elevation occurred before completion 
of the proximal anastomosis of a right coronary artery 
vein graft and resolved shortly after reestablishing 
blood flow through the graft. This episode repre- 
sented posterior ischemia which was not detected by 
the surface ECG leads II or Vs. 

The modified esophageal stethoscope allowed clear 
auscultation of heart and lung sounds in all patients 
when positioned as described. The endocardial pacing 
capabilites of the multipurpose Swan-Ganz catheter 
provided protection during placement of the pulmo- 
nary arterial catheter in the one patient with a left 
bundle branch block. Complications associated with 
use of the AEG or esophageal ECG were not encoun- 
tered. Esophageal mechanical trauma was not evident, 
nor were there any postoperative symptoms sugges- 
tive of esophageal injury. 
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Discussion 


Ventricular depolarization is usually easily recog- 
nized from a surface ECG. Atrial activity, however, 
can be indistinct even when observing ECG lead II 
(8). As inadequate monitoring of the temporal rela- 
tionships of atrial and ventricular activities can lead 
to incorrect diagnosis and therapy, it is important to 
have an ECG that amplifies atrial depolarization and 
allows the correct rhythm diagnosis to be made. Var- 
iations of surface ECG lead placement, such as with 
the MCL, and CBs leads, have been used to provide 
large P wave deflections (12, 13). However, the am- 
plitude of P waves in the MCL, and CBs leads does 
not approach that produced by the proximity lead of 
the esophageal ECG. This study demonstrates not 
only that the esophageal ECG is easily used in the 
anesthetized patient, but that it also depicts atrial 
depolarization as clearly as the AEG. The esophageal 
ECG was easily inserted, simple to operate, and 
caused no complications in this series of patients. 

The esophageal ECG can be monitored as a bipolar 
or unipolar ECG circuit. Most investigators have 
found the bipolar esophageal ECG to be superior, as 
the P waves are most distinct and less likely to be 
disguised by a superimposed QRS complex (6). In 
preliminary trials with these two methods of esoph- 
ageal ECG circuitry, we noticed less base line fluctua- 
tion with the bipolar esophageal ECG in the anesthe- 
tized, mechanically ventilated patient. Therefore, this 
study was performed using a bipolar circuit. 

When the esophageal ECG is monitored concur- 
rently with use of the surgical electrocautery, electrical 
safety precautions should be instituted to minimize 
the risk of esophageal injury. A ground pad with a 
large surface area should be properly positioned, and 
strict electrical isolation of monitoring equipment 
must be maintained to ensure minimal esophageal 
electrode current, even if an electrical short circuit 
were to accidently place a high voltage source between 
the patient and the recording apparatus (14). All ECG 
equipment produced after 1972 should meet the 
American Heart Association recommendations of 
being incapable of delivering more than 10 amp of 
leakage current to a patient (15). In this study, an 
electrocautery protection filter was incorporated into 
the esophageal ECG circuit to reduce further the risk 
of esophageal burn injury. By filtering out radio fre- 
quencies above 20 kHz, the protection filter shielded 
out typical electrocautery currents, but allowed ECG 
signals to be conducted. The patients in this study 
had no symptoms of esophageal discomfort in the 
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early postoperative period after beginning oral intake, 
suggesting that clinically important esophageal 
trauma was not encountered. 

The esophageal lead has been reported to be the 
most important lead for detecting posterior myocar- 
dial ischemia or infarction (10). The esophageal ECG 
reflects the electrical potentials of the posterior sur- 
face of the heart and responds to posterior ischemia 
with characteristic ST segment changes (16). The clin- 
ical situation and associated esophageal ECG changes 
shown in Fig 5 are compatible with posterior myocar- 
dial ischemia. As this area of the ventricle is adjacent 
to the esophagus but not the diaphragm, the esopha- 
geal ECG demonstrated significant ST segment ele- 
vation whereas ECG lead I] remained unchanged. 

Although this study demonstrated the value of an 
esophageal ECG during cardiac surgery, this technol- 
ogy could easily be applied to surgical patients during 
noncardiac surgery and in the early postoperative 
period in either an intensive care unit or recovery 
room. The system is relatively noninvasive, and, if 
sound electrical precautions are observed, should 
pose no undue risk to the patient. 
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COMMUNICATION 


Limitations of the Sodium 
Fusion Assay for 
Fluorinated Metabolites 
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IVANETICH, K. M., BRADSHAW, J. J., AND BRITTAIN, T.: Limitations 
of the sodium fusion assay for fluorinated metabolites. Anesth 
Analg 1982;61:786-7. 


A method involving sodium fusion and analysis by fluoride elec- 
trode, which has been used for the determination of total fluori- 
nated metabolites of fluorine-containing drugs in physiologic 
fluids, is shown to be inapplicable to volatile fluorinated metab- 
olites of volatile fluorinated anesthetic agents. The yields of 
inorganic fluoride from the volatile metabolites 2,2,2-trifluoro- 
ethanol and trifluoroacetaildehyde were less than 2% of ex- 
pected values, whether these metabolites were present in water, 
buffer, urine, ar hepatic microsomes, although reliable results 
were obtained for the relatively nonvolatile sodium trifluorcace- 
tate. It is proposed that the assay does not provide a valid 
method for determining total fluorinated metabolites of volatile 
or nonvolatile fluorine-containing drugs, but may be of some use 
in determining a single nonvolatile fluorinated metabolite of a 
volatile fluorinated drug. 
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Soltis and Gandolfi (1) have reported a method 
involving sodium fusion and analysis by fluoride 
electrode which is proposed to be a general method 
for the determination of total fluorinated metabolites 
of fluorine-containing drugs in physiologic fluids. 
The method is proposed to be applicable to the 
determination of total fluorinated metabolites in the 
presence of the parent fluorinated drugs regardless of 
the volatility or nonvolatility of the parent drug or of 
its metabolites. We report here on limitations to this 
assay, namely its inability to determine volatile fluo- 
rinated metabolites, and its inapplicability to studies 
of the metabolism of nonvolatile fluorinated drugs. 


Methods and Materials 


Materials were obtained as follows: Fluoroxene 
(Ohio Medical Products, Madison, WI), halothane 
(Halocarbon Laboratories, Hackensack, NJ), 2,2,2-tri- 
fluoroethanol, trifluoroacetaldehyde, and trifluoroac- 
etic acid (Merck Chemicals, Darmstadt, Germany). 
Isoflurane was a gift from Dr. Julian Biebuyck of Bell 
Laboratories. Male Long Evans rats (190 + 10 g) were 
treated with phenobarbital as described elsewhere (2). 
Hepatic microsomes were isolated from fresh rat liver 
by the method of Holtzmann and Carr (3) and were 
suspended at a concentration of 2 mg of protein per 
milliliter in 0.02 m Tris-HCl, pH 7.4. Sodium fusion 
and fluoride analysis were carried out as described by 
Soltis and Gandolfi (1). 


Results and Discussion 


The yields of three fluorinated metabolites taken 
through the sodium fusion assay of Soltis and Gan- 
dolfi in various solutions and physiologic fluids are 
shown in the Table. As can be seen, the yield of 
sodium trifluoroacetate was approximately 80% to 
100% independent of the medium. The yield was 
decreased to approximately 20% in the case of the 
free trifluoroacetic acid, presumably as a consequence 
of incomplete ionization of the volatile acid to the 
nonvolatile anionic form by the sodium hydroxide 


-added before lyophilization. The yields of the other 
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TABLE 
Sodium Fusion Assay of Fluorinated Metabolites 
Recovery of 
Metabolite * Medium fluoride 
uM % 
2,2,2-Trifluoroethanol Water <1 <2 
Tris-HCIT <1 <2 
Microsomest <1 <2 
Urine <1 <2 
Trifluoroacetaldehyde Water 1 2 
Tris-HCI <1 <2 
Microsomes <1 <2 
Urine <1 <2 
Trifluoroacetic acid Water 3142 26 
Tris-HCl 22 +2 19 
Microsomes 2548 20 
Urine 2245 19 
Trifluoroacetate, sodium Water 100 + 20 83 
Tris-HCI 120+6 100 
Microsomes 96 + 16 80 
Urine 100 45 83 
Phosphate§ 100 + § 83 





* To give a final concentration of 120 um fluoride ion in assay 
medium. 

+ 0.02 M, pH 7.4. ; 

At a concentration of 2 mg of protein per milliliter of 0.02 
M Tris-HCl, pH 7.4. 

§ 0.05 M, pH 7.4. 


fluorinated metabolites investigated, such as 2,2,2- 
trifluoroethanol and trifluoroacetaldehyde, were 2% 
or less in water, buffer, or physiologic fluids, indicat- 
ing that the assay is inapplicable to volatile metabo- 
lites. As the yields of the parent anesthetic agents 
(e.g, halothane [20 mm], isoflurane [15 mm], and 
fluroxene [15 mm] in water and hepatic microsomes) 
in the assay were less than 0.01% (less than 1 uM 
fluoride)), metabolites such as 2-chloro-1,1,1-trifluo- 
roethane and 2-chloro-1,1-difluoroethylene (4), which 
are more volatile than the parent anesthetic agent 
halothane, would clearly be lost under the conditions 
of the assay. As many of the metabolites of volatile 
anesthetic agents such as halothane, fluroxene, and 
2,2,2-trifluoroethyl ethyl ether in vitro and/or in vivo 
are volatile (e.g., 2,2,2-trifluoroethanol, trifluoroac- 
etaldehyde, 2-chloro-1,1,1-trifluoroethane, and 2- 
chloro-1,1-difluoroethylene) (see e.g., [4-6]), this 
technique would not provide a valid method for the 
determination of total fluorinated metabolites of vol- 


atile anesthetic agents. In general, the assay could not 
attempt to provide a measure of the total fluorinated 
metabolites of volatile fluorinated drugs unless all 
metabolites were shown to be nonvolatile. 

The conversion of a nonvolatile fluorinated drug to 
total fluorinated metabolites could not be determined 
by the assay of Soltis and Gandolfi, as the conversion 
of a nonvolatile drug to nonvolatile fluorinated me- 
tabolites would not be accompanied by a net change 
in the concentration of free fluoride ion. For example, 
the metabolism of the anorexogenic drug fenflura- 
mine to a nitrone derivative or to norfenfluramine in 
vitro or in vivo (see e.g., [7, 8]) would result in no net 
change in fluoride content as assayed by the method 
of Soltis and Gandolfi (1). 

In conclusion, the method of Soltis and Gandolfi 
(1) does not appear to be suitable for determining 
total fluorinated metabolites of volatile or nonvolatile 
fluorinated drugs. The assay might, however, be of 
use in monitoring the conversion of a volatile fluori- 
nated drug to a single nonvolatile fluorinated metab- 
olite, but only if the structure of the product and its 
efficiency recovery in the assay were known. 
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CLINICAL 
reports 


Anesthetic Management 
and Monitoring of a 
Parturient with Mitral and 
Aortic Valvular Disease 


Carl Lynch II, MD, PhD,* and 
Randy F. Rizor, MDT 


Approximately 90% of all parturients with rheu- 
matic heart disease have mitral stenosis as the pre- 
dominant lesion (1). For unknown reasons, mitral 
regurgitation of rheumatic origin is primarily found 
in men, so that experience with management of pa- 
tients with mitral regurgitation during labor and de- 
livery is limited. During labor, systemic resistance is 
increased by pain, expulsive efforts (Valsalva maneu- 
ver), and aortic compression by the uterus. As in- 
creases in systemic resistance are poorly tolerated by 
parturients with regurgitant valvular lesions, control 
of systemic vascular resistance is a major goal in the 
management of their labor. In this paper we report 
the use of lumbar epidural analgesia in a patient with 
mitral and aortic regurgitation, and the beneficial 
effects of this technique on the hemodynamic re- 
sponses that we measured. 


Case Report 


A 23-year-old gravida 2 para 1 was admitted at 37 weeks 
of gestation, because of increasing shortness of breath. She 
had received no prenatal care during this pregnancy. She 
had a history of acute rheumatic fever, with the first episode 
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at age 11, one recurrence at age 13, and two recurrences at 
age 21 years, She had an uncomplicated vaginal delivery of 
a term pregnancy at age 19 years by natural childbirth. 
During the current pregnancy she was asymptomatic until 
the 4th month when she noticed increased fatigue and 
shortness of breath which resolved after 3 weeks. She had 
been taking digoxin, 0.25 mg/day, for the past 2 years. 

At the time of admission she complained of dyspnea on 
mild exertion and four-pillow orthopnea. Physical exami- 
nation revealed an obese white woman (105 kg) with a 
regular heart beat at a rate of 100 beats per minute. A grade 
II/VI holosystolic murmur was heard at the apex with 
radiation to the left axilla. A I/VI diastolic murmur was 
heard at the left sternal border. Fine basilar rales were heard 
in both lung fields. Chest roentgenogram showed cardio- 
megaly and a right middle lobe infiltrate. There were no 
radiographic signs of pulmonary edema. Her electrocardi- 
ogram showed left ventricular hypertrophy and left atrial 
enlargement. 

A diagnosis of probable atypical pneumonia with possi- 
ble congestive heart failure was made and erythromycin, 
250 mg four times a day, and furosemide, 40 mg/day, were 
started. Over the next 2 weeks her chest roentgenogram 
cleared and she became asymptomatic. A two-dimensional 
echocardiogram showed a deformed mitral valve with mod- 
erate increase in left atrial size and a marked increase in left 
ventricular size. In addition, diastolic vibration of the ante- 
rior leaflet of the aortic valve was seen, which was consistent 
with aortic regurgitation. 

Because she was close to term, she remained in the 
hospital and plans were made for management of her labor 
and delivery. Considering her symptoms of cardiac decom- 
pensation in the 4th and 9th months of her pregnancy and 
the severity of mitral valve deformity on echocardiogram 
with a concurrent aortic valve lesion, we decided that in- 
vasive monitoring would facilitate management of the per- 
ipartum period. 

It was the consensus of the obstetric service that she be 
allowed to go into labor spontaneously and deliver vagi- 
nally. To achieve the beneficial effects of sympathetic block- 
ade and reduction of systemic resistance so as to augment 
cardiac output, we planned to use continuous lumbar epi- 
dural analgesia during labor. 

The patient spontaneously commenced labor 18 days 
after admission. In the delivery room a Swan-Ganz ther- 
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modilution pulmonary arterial catheter (Edwards Labora- 
tories) was placed percutaneously through the median bas- 
ilic vein of the right arm and was advanced into the pul- 
monary artery. A left radial arterial pressure catheter was 
also placed. Uterine displacement or the lateral position 
were maintained during the course of labor. The initial 
pulmonary arterial (PA) pressure was 41/27 torr, with a 
pulmonary capillary wedge pressure (PCWP) of 27 torr, and 
a central venous pressure (CVP) of 10 torr. Systemic arterial 
pressure was 170/60 torr between contractions. During 
contractions, pulmonary and systemic pressures increased 
to 65/40 and 200/60 torr, respectively. Cardiac output 
measured between contractions by thermodilution was 8.17 
L/min (cardiac index = 4.0 L/min/m’). Calculated systemic 
vascular resistance (SVR) was 792 dyne-sec-cm™’, corre- 
sponding to an SVR index of 1608 dyne-sec-m*-cm™” 
(normal value = 2000 + 300). The changes in measured and 


derived cardiovascular parameters during the course of 
labor and delivery are shown in Fig 1. 

An epidural catheter was placed for analgesia and an 
initial dose of 9 ml of 0.25% bupivacaine was injected. 
Pulmonary arterial pressure subsequently declined to 35/21 
torr, systemic pressure decreased to 154/50 torr, and PCWP 
declined to 18.to 22 torr. During contractions, increases in 
PA pressure to 55/30 and systemic pressure to 185/60 
persisted after adequate analgesia was obtained. Her arterial 
blood had pH of 7.46, Poo, of 27 torr, and Po, of 119 torr 
while breathing room air. During the second stage of labor, 
the patient was instructed to begin bearing down. As shown 
in Fig 1, her systemic pressure, PA pressure, and PCWP 
markedly increased during and between her expulsive ef- 
forts. The patient delivered a 3000-g male infant with Apgar 
scors of 4 at 1 minute and 7 at 5 minutes. Immediately after 
delivery, she developed a persistent cough and on physical 
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Fig 1. Changes in directly measured and derived indices of 
cardiovascular function during course of labor and delivery. For 
pulmonary and systemic arterial pulse pressures, upper border 
of shaded area represents systolic pressure and lower 
border represents diastolic pressure. Mean central venous pres- 
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sure (CVP, A), pulmonary capillary wedge pressure (PCWP, 
©), and mean arterial pressures (@) are denoted. All points 
represent values measured between contractions at time indi- 
cated. 
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examination was found to have bilateral fine rales and 
wheezes; PCWP was 34 torr. Arterial blood gas measure- 
ments at this time were pH 7.43, Pco, 33 torr, Po, 80 torr 
while breathing room air. Furosemide (20 mg) was admin- 
istered intravenously 30 minutes after delivery. Cardiac 
performance improved with decline of PCWP to 16 and PA 
pressures of 39/21 torr 110 minutes after delivery, with the 
CVP measuring 3 torr. Nine hours after delivery, and with- 
out further diuretic therapy, PCWP and CVP measured 24 
and 8 torr, respectively, and physical examination revealed 
no rales or wheezes. The pulmonary and radial arterial 
catheters were removed at that time, and the remainder of 
her postpartum course was uneventful. 


Discussion 


This case illustrates the value of invasive cardio- 
vascular monitoring in the parturient with valvular 
heart disease who is undergoing the physiologic 
changes that accompany labor, epidural analgesia, 
and delivery. The initial PCWP of 27 torr measured 
in this patient, while markedly elevated, was consist- 
ent with left ventricular dysfunction secondary to the 
mitral and aortic valvular lesions. The CVP of 10 torr 
(13.7 cm H2Q) was not increased initially, illustrating 
the marked disparity that may exist in preload be- 
tween the right and left sides of the heart. The initial 
cardiac output of 8.17 L/min was.greater than normal, 
as noted previously in parturients in the first stage of 
labor (2). In spite of a moderate elevation of systolic 
blood pressure, the SVR in this patient was initially 
less than normal at 792 dyne-sec-cm”°, a compensa- 
tory decline previously noted in patients with aortic 
regurgitation (3). The patient’s gravid condition may 
or may not have contributed to a decreased SVR. 
Although SRV is less than normal from 16 to 36 
weeks of gestation, there is a return to near normal 
values at term (4, 5). However, supine parturient 
patients, experiencing some degree of aortocaval com- 
pression, increase SVR in order to maintain systolic 
blood pressure (6). Changing to the lateral position 
with subsequent improvement in venous return leads 
to an increase in cardiac output and a decrease in SVR 
(6). Blood squeezed from the contracting uterus in- 
creases blood volume (7) and contributes to the in- 
creased systemic and pulmonary arterial pressures 
seen with contractions. 

Epidural analgesia resulted in a decrease in SVR 
index and PCWP, with an increase in cardiac index 
and left ventricular stroke work; consequently, a dra- 
matic improvement was seen in left ventricular per- 
formance. These changes may result from two effects: 
(a) the segmental sympatholytic effect of the epidural 
itself, and (b) decreased sympathetic tone associated 
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with decreased pain of labor. PA and systemic arterial 
pressures increased almost to preanesthetic levels 
with contractions, in spite of excellent analgesia. This 
suggests that blood expressed from the utrine vascular 
bed during contractions continued to increase blood 
volume significantly. The increase in uterine vascular 


_ resistance accompanying contractions increases the 


SVR and thus could also contribute to increased 
systemic and pulmonary vascular pressures. Clinical 
considerations limited our investigation of cardiovas- 
cular changes from rest to contractions. Cardiac out- 
put, however, was not altered during contractions, 
compared with values between contractions. 

During the second stage of labor, the parturient’s 
bearing down efforts resulted in a dramatic decline in 
cardiac performance. This decline was associated with 
an increase in SVR nearly to values found before 
epidural anesthesia, in spite of supplemental epidural 
doses of local anesthetic. The Valsalva maneuver 
necessary for expulsive efforts involves prolonged 
increases in intrathoracic pressure with compression 
of the chambers of the heart and reduction of trans- 
mural pressure; this in turn limits cardiac filling with 
a consequent decrease in stroke volume and cardiac 
output (8). A compensatory increase in heart rate and 
increase in SVR occurs which supports systemic blood 
pressure. With the release of expiratory pressure, the 
increased SVR results in an elevated blood pressure, 
which continues for up to 2 minutes. In a patient with 
frequent contractions, SVR will not return to normal 
levels before repeated Valsalva maneuvers are re- 
quired for following contractions. In a patient with 
aortic and mitral insufficiency, increased SVR results 
in increased regurgitant flow. In fact, during the sec- 
ond stage of labor, ““V-waves” typical of regurgitant 
flow through the mitral valve transmitted into the 
pulmonary veins, were present in the PCWP tracing, 
elevating it above the PA diastolic pressure (Fig 1). ` 
Such bearing down efforts were ultimately responsi- 
ble for the pulmonary congestion that became evident 
after delivery. Following delivery, the PCWP began 
to decline from 38 to 25 torr, whereas the CVP 
increased from 12 to 18 torr immediately postpartum, 
declining to 14 torr 30 minutes after delivery. The 
increase in CVP reflects, in part, the increased blood 
volume due to the blood expelled from the contracted 
postpartum uterus. The opposed changes in CVP and 
PCWP emphasize the value of measuring the left 
ventricular preload (PCWP). Following delivery, there 
is usually a significant increase in cardiac output (2); 
however, there was a decline in this patient. This may 
reflect impaired cardiac performance following the 
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FiG 2. Left ventricular function during course of labor. Calcu- 
lated value of left ventricular stroke work index (LVSWI) is 
plotted as function of pulmonary capillary wedge pressure 
(PCWP) for this patient. LVSWI in grams per meter per meter 


expulsive efforts of the second stage of labor. Thirty 
minutes following delivery, PCWP declined to 25 torr 
while cardiac index remained stable at 3.9 L/min/m’. 

In Fig 2 is provided a measure of left ventricular 
function by plotting the left ventricular stroke work 
index (LVSWI in g - m - m™”) as a function of PCWP, 
as described initially by Sarnoff and Mitchell (9). The 
shaded region delineates the normal range observed 
in healthy patients, the area beneath the curve being 
a region of depressed cardiac performance. This pa- 
tient had impaired cardiac function throughout the 
labor and postpartum periods. The improvement with 
epidural analgesia is clearly demonstrated by the 
leftward shift in the point describing cardiac func- 
tion.The dramatic shift to the right during the vol- 
untary pushing of the second stage shows the depres- 
sion in cardiac performance that occurred. Although 
cardiac performance began to improve 30 minutes 
following delivery (as shown by the left shift between 
5 and 30 minutes postpartum), the administration of 
20 mg of furosemide resulted in further improvement 
in ventricular function at 2 hours postpartum. With- 
out further diuretic therapy, the patient’s cadiac func- 


squared was calculated as: LVSWI = 0.0136 x {cardiac index 
» (mean systemic arterial pressure — PCWP)]/heart rate. Stip- 
pled area shows range of values obtained in patients with normal 
left ventricular performance. 


tion approached that of the first stage of labor 9 hours 
postpartum. 

Epidural analgesia in this case improved cardiac 
performance with a decreased PCWP, SVR, and in- 
creased cardiac output. Epidural anesthesia is there- 
fore a highly effective technique for management of 
labor and delivery in parturients with the valvular 
lesions this patient had. Invasive monitoring of the 
patient was extremely valuable‘ in following the 
changes in her cardiovascular status with epidural 
anesthesia and during labor. The deterioration in 
cardiac function of this patient with bearing down ` 
suggests that such efforts may be contraindicated in 
patients with regurgitant cardiac lesions. Fortunately, 
the second stage of labor was brief in this case, and 
the patient had only mild subjective symptoms of 
pulmonary venous congestion. A sustained second 
stage of labor in such an individual could progress to 
more flagrant decompensation, Therefore, cesarean 
delivery may be advisable in patients with regurgitant 
valvular lesions who fail to progress rapidly in the 
second stage. In view of the obvious improvements in 
cardiovascular performance with epidural anesthesia, 
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this technique would also appear to be the method of 
choice for operative delivery. 
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Continuous Thoracic 
Epidural Anesthesia for 
Biliary Tract Surgery and 
for Postoperative Pain 
Relief in a Patient with 
Cystic Fibrosis 


Seuk B. Kang, MD* 


The survival rate of patients with cystic fibrosis has 
markedly increased in recent years. The occurrence 
of biliary tract disease in patients with cystic fibrosis 
is high and increases further with advancing age. A 
case report of the use of continuous thoracic epidural 
anesthesia supplemented with endotracheal nitrous 
oxide for cholecystectomy and common bile duct 
exploration and use of continuous epidural analgesia 
for postoperative pain relief in a patient with cystic 
fibrosis is presented. 


Case Report 


A 22-year-old man was admitted with a chief complaint 
of severe epigastric pain, vomiting, and dyspnea. The pa- 
tient had required numerous hospitalizations due to cystic 
fibrosis with severe pulmonary involvement since the age 
of 6 years. Physical examination showed an emaciated man 
weighing 45.6 kg. The patient complained of dyspnea in the 
sitting position. The chest was barrel-shaped and clubbing 
was present in all fingers. Bilateral rales and inspiratory and 
expiratory wheezing were heard over the entire lung field. 
The right upper quadrant of abdomen was tender, Abnor- 
mal laboratory tests included a white blood cell count 
14,700/mm*, and serum alkaline phosphatase 400 p/m, 
serum glutamic oxaloacetic transaminase of 60 u/ml, and 
bilirubin of 6.4 mg/100 ml. Chest roentgenogram showed 
extensive bilateral fibronodular and emphysematous 
changes with prominence of pulmonary vasculature indi- 
cating pulmonary hypertension. Electrocardiogram showed 
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right axis deviation and right ventricular hypertrophy. In- 
travenous cholangiography revealed a nonvisualizing gall- 
bladder and several filling defects indicative of choledo- 
cholithiasis. Arterial blood gas tensions were Poo, 46.7 torr, 
Po, 50.5 torr, and pH 7.4 while breathing room air. 

The patient was treated with intravenous fluids, intensive 
pulmonary therapy including postural drainage, intermit- 
tent positive pressure breathing and broncholytic and bron- 
chodilating agents, antibiotics, and pancreatic enzyme. After 
5 days, his pulmonary status had improved clinically as 
dyspnea disappeared and improvement was seen in the 
chest roentgenogram. Spirometric studies showed a tidal 
volume of 300 to 350 ml and forced vital capacity 1.75 L 
(47% of predicted 3.7 L for his age, weight, and height). 
Forced expiratory volume in 1 second (FEV:) was 0.6 L, 
(18% of predicted value of 3.3 L), and FEV;/forced vital 
capacity (FVC) » 100 was 34.2%. Spirometric studies had 
not been done an admission. Arterial blood gas tensions 
were Peco; 50 torr, Po, 50.7 torr, and pH 7.38 while breathing 
room air. 

The patient was premediated with diazepam, 10 mg 
intramuscularly, 1 hour before placement of a 20-gauge 
epidural catheter via a Touhy-Huber needle at the T8-9 
space; the tip of the catheter was advanced 3 cm cephalad 
beyond the tip of needle. After a test dose of 3 ml, bupi- 
vacaine 0.75%, 12 ml, was injected. After levels of anesthesia 
between T-5 and T-12 were established, tracheal intubation 
was performed with the aid of d-tubocurare, 3 mg; sodium 
thiopental, 150 mg; and succinylcholine, 60 mg, intrave- 
nously. Nitrous oxide and oxygen were administered by 
controlled respiration with a humidifier in a semiclosed 
circle absorber system. Intravenous diazepam in intermit- 
tent doses totaling 7.5 mg was given during the procedure. 
Arterial blood gas tensions were monitored via a radial 
arterial catheter to maintain proper respiratory gas ex- 
change. Tracheobronchial toilet was performed as needed 
to remove thick yellowish secretions during cholecystec- 
tomy and common duct exploration which required 2 hours 
and 5 minutes. When nitrous oxide was discontinued at the 
end of the procedure, the patient was able to follow com- 
mands and to indicate that he felt pain. Bupivacaine 0.75%, 
8 ml, was injected. In the intensive care unit, the patient’s 
respirations were mechanically assisted through the tracheal 
tube. The patient was able to assist pulmonary therapy by 
helping in taking deep breaths, coughing, and changing 
positions for pulmonary drainage. Six hours after surgery, 
one more dose of 8 ml of bupivacaine 0.5% was given. The 
patient required no further injections and the epidural 
catheter was removed. Twenty-four hours after surgery, 
when tidal volume and forced vital capacity were 350 ml 
and 1.6 L, respectively, the tracheal tube was removed. 

On the 4th postoperative day, arterial blood gas tensions 
were Peco, torr, Po, 87 torr, and pH 7.42 while breathing 
room air. The patient required no further pain medication 
and was discharged on the 13th postoperative day at which 
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time arterial blood gas tensions were Pco, 40.3 torr, Po, 85.4 
torr, and pH 7.40 while breathing room air. 


Discussion 


Cystic fibrosis is the most common lethal genetic 
pulmonary disease in childhood and adolescence in 
the United States. The incidence is approximately one 
in 1500 to 2000 births, and up to 5% of the general 
population are estimated to be carriers (1). In cystic 
fibrosis, the secretion of mucoglycoprotein in the 
tracheobronchial tree is increased due to hyperplasia 
and hypertrophy of mucus-secreting elements (2). 
Progressive pulmonary infection is the most impor- 
tant clinical problem (3). When infection occurs, the 
secretion becomes more difficult to remove because 
of increased viscosity (4). Mucociliary flow rate is also 
5 to 10 times slower than in normal subjects of the 
same age (5). Improvement in the management of the 
pulmonary complications have played a major role in 
improving prognosis in this disease, and today mean 
survival rate has increased to 15 to 20 years, with a 
50% survival rate beyond 26 years in selected centers 
(1, 3, 6, 7). 

The incidence of gallbladder and biliary tract dis- 
ease is high and increases with age in cystic fibrosis; 
46.4% of patients with cystic fibrosis have nonfunc- 
tioning gallbladders and 11.9% have stones (8). Some 
of these patients will require surgerv. 

Most anesthetics, local or general, have a depressive 
effect on tracheal mucociliary flow rate as measured 
by cinebronchofiberoptic techniques, tantalum bron- 
chography, or radioactive droplet techniques. Induc- 
tion doses of 25 mg/kg of sodium thiopental] do not 
depress mucociliary flow (9), but 40 mg/kg does 
depress mucociliary flow (10). Increasing the concen- 
tration of halothane from 0.6 to 1.2, to 1.8, and to 2.4 
MAC progressively depresses mucociliary flow (11). 
Influrane in concentrations equal to 0.6, 1.2, and 1.8 
MAC has a similar dose-dependent reversible de- 
pressant effect on mucociliary flow, as do combina- 
tions of anesthetics, such as nitrous oxide and halo- 
thane or nitrous oxide and morphine (12). Local an- 
esthetics such as lidocaine 2% to 4%, procaine 0.5%, 
and mepivacaine 2% when applied into the tracheo- 
bronchial tree do not have a depressive effect on 
ciliary beating but in higher concentrations, signifi- 
cant depressions occtrrs (13-15). 

In addition to changes in mucociliary transport 
associated with anesthetic agents, abdominal surgery, 
particularly upper abdominal surgery, is associated in 
normal individuals with adverse effects on respiratory 
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mechanics such as functional residual capacity (16- 
20), forced vital capacity (18, 19), vital capacity (18, 
19), tidal volume (18, 19), residual volume (18), and 
closing volume (21). 

With the combination of depressive effects of an- 
esthetic agents on mucociliary transport and adverse 
changes in respiratory mechanics following abdomi- 
nal surgery, the mucociliary transport is further de- 
pressed in the postoperative period, particularly in 
the areas of lobar or segmental atelectatis shown by 
pooling of insufflated tantalum powder for up to 6 
days (22). Other factors influencing mucociliary trans- 
port mechanisms include body temperature (23); tem- 
perature of inspired gases (24, 25); state of hydration, 
oxygen, and carbon dioxide administration (26, 27); 
tracheal intubation; premedication; infection; and ef- 
fectiveness of coughing as affected by pain or other 
factors such as chronic obstructive pulmonary disease. 

As mucociliary clearance is an important pulmo- 
nary defense mechanism against infection, general 
anesthesia using inhalation or intravenous agents may 
be deleterious to the patient with cystic fibrosis un- 
dergoing surgical procedure. The goals of anesthesia 
management in a patient like ours should include: (a) 
avoidance of anesthetics that depress mucociliary 
transport, (b) liquefaction and elimination of muco- 
glycoprotein secretions from the respiratory tract with 
tracheobroncheal toilet, (c) provision of postoperative 
pain relief adequate to prevent deterioration of re- 
spiratory mechanics, (d) postural drainage, and (e) 
ambulation as early as possible. Previous studies have 
emphasized the importance of preexisting respiratory 
disease in determining the incidence of postoperative 
respiratory complications, though there appears to be 
no difference in the incidence of postoperative respi- 
ratory complications in patients given general and 
those given spinal anesthesia (28, 29). However, in 
our patient, continuous thoracic epidural anesthesia 
provided excellent anesthesia and muscle relaxation 
without use of muscle relaxants for surgery, as well 
as excellent pain relief in the postoperative period, 
hence making it possible to restore respiratory func- 
tion to the preoperative level more rapidly without 
use of narcotics (30, 31). If our patient had required 
pain relief after removal of the epidural catheter, 
intercostal block would have been provided. 
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High-frequency positive-pressure ventilation 
(HFPPV) was first described by Oberg and Sjostrand 
(1), who demonstrated in animals that ventilation and 
oxygenation could be adequately maintained with 
much lower tidal volumes and higher respiratory rates 
than conventionally used. This method of ventilation 
was studied in humans by Jonzon et al (2) and was 
first reported during clinical anesthesia and surgery 
by Heijman et al in 1972 (3), 

HFPPV is one of two types of high-frequency ven- 
tilation; the other is high-frequency oscillation. They 
differ in the tidal volumes and respiratory rates used. 
In HFPPV, tidal volumes that approach the anatomic 
dead space (50 to 250 ml) are delivered at rates of 1 
to 10 Hz (60 tc 600 breaths/min); alveolar ventilation 
with this technique is thought to be accomplished by 
a combination of convection and improved gas dif- 
fusion. In high-frequency oscillation, lower tidal vol- 
umes (5 to 50 ml) are delivered at rates of 10 to 100 
Hz (600 to 6000 breaths/min); alveolar ventilation 
during high-frequency oscillation is thought to be 
accomplished by acceleration of gas diffusion and 
collateral intra~alveolar ventilation (4-7). 

The high velocity of the small tidal volumes deliv- 
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ered at a rapid respiratory rate generates a turbulent 
gas flow and irreversible gas diffusion. Gas mixing is 
improved during high-frequency ventilation with uni- 
form gas distribution independent of regional time 
constant. The airway pressure during high-frequency 
ventilation has been shown to be continuously posi- 
tive and functional residual capacity has been shown 
to be increased. Intrapleural pressure has also been 
shown to be continuously negative, with minimal 
changes in venous pressure, pulmonary vascular re- 
sistance, and cardiac output (8, 9). 

The T-shape triple-lumen tracheostomy tube was 
introduced by Montgomery in 1965 (10). The intra- 
tracheal portion (intraluminal limb) of the tracheal T- 
tube has been used as a stent to maintain the patency 
of the upper airway in patients with subglottic and 
upper tracheal stenosis. The intraluminal limb also 
maintains the circumference of the airway and sup- 
ports the tissue graft applied during the reconstruction 
of the larynx and cervical trachea. The tracheostomy 
portion (extraluminal limb) of the tracheal T-tube can 
be occluded with a plug in patients with adequate 
upper airway to restore the functions of.the larynx 
(cough and phonation) (11-16). Because of the prob- 
lems in establishing an adequate airway through a 
tracheal T-tube using conventional methods of ven- 
tilation during anesthesia and resuscitation, we report 
the application of HFPPV through a small catheter 
during tracheal reconstruction with placement of a 
Montgomery tracheal T-tube. 

The evaluation of HFPPV was approved by our 
Review Board for Human Investigation and informed 
consent was obtained from the patient. 


Case Report 


A 55-year-old man with severe stenosis of the cervical 
trachea was admitted for tracheal resection. The tracheal 
stenosis was the result of accidental inhalation of a sulfur- 
containing compound in 1946, which was treated by trache- 
ostomy for 5 months. However, the stoma failed to heal and 
was Closed with a skin graft. During the year before admis- 
sion, he complained of progressive shortness of breath 
during exertion, which was relieved temporarily (3 to 4 
weeks) by bronchoscopic tracheal dilation. Six months be- 
fore admission he underwent a bronchoscopic resection of 
mural cartilage, with unsatisfactory results. He also had a 
history of hypertension and irregular heart beat which did 
not require treatment. Physical examination revealed a tra- 
cheostomy scar and a fixed tracheal mass; pulse was 84 
beats per minute (irregular), blood pressure 140/80 mm Hg, 
and electrocardiogram (ECG) showed left bundle branch 
block with multiple ventricular premature beats. Tomo- 
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grams of the trachea showed stenosis of 60% of its expected 
diameter for a segment of 5 cm, just below the laryngeal 
ventricle, together with asymmetry of the piriform sinuses. 

Anesthesia. Atropine, 0.4 mg, was given intramuscularly 
for premedication 1 hour before surgery. On arrival in the 
operating room, 14-gauge venous cannulas were placed in 
each arm for fluids and drug administration. A 20-gauge 
cannula was also placed in the left radial artery. After 
preoxygenation and establishment of continuous ECG and 
blood pressure monitoring, anesthesia was induced with 
lorazepam, 4 mg; thiopental, 150 mg; and fentanyl, 0.05 
mg/kg. Muscle relaxation was obtained with pancuronium 
bromide, 0.15 mg/kg. After laryngoscopy, the trachea was 
intubated with a 2-mm i.d., 45-cm presterilized catheter for 
HFPPV. A fine metal stylet was placed inside the catheter 
to improve rigidity and facilitate intubation. 

The HFPPV catheter had a single hole at the distal tip, 
and the proximal end was fitted with a metal adaptor to 
prevent leakage or disconnection during the use of HFPPV. 
The proximal end of the catheter was connected to the 
output tubing of a high-frequency ventilator. 

The high-frequency ventilator we used is based on a 
pneumatic valve system, powered independently by oxygen 
at 50 psi, which controls a pneumatic solenoid valve. The 
frequency range is between 10 to 3000 breaths per minute. 
Insufflation time is controlled independently between 0.01 
to 1 second. The solenoid valve functions as an interrupter 
to the HFPPV gas output. Driving gas pressure (DGP) is 
controlled by a manual one-stage reducing valve. The ven- 
tilator and the catheter were designed in our department by 
the senior author (N.E.). 

HFPPV of both lungs through the catheter with 100% O2 
was used initially at a frequency of 150 breaths per minute, 
DGP of 15 psi, and insufflation time percent of 40%. With 
these settings the mean Pao, was 446 mm Hg (438 to 450 
mm Hg) and mean Paco, was 49 mm Hg (47 to 55 mm Hg). 
DGP was increased to 20 psi. This increased the mean 
Pao, to 510 mm Hg (485 to 530 mm Hg) with no significant 
change of mean Paco, of 48 mm Hg (46 to 52 mm Hg). 
Further increase of DGP to 25 psi provided adequate CO2 
elimination and oxygenation; mean Paco, was 43 mm Hg 
(38 to 45 mm Hg), and mean Pao, was 517 mm Hg (492 to 
545 mm Hg). Blood gas tensions were measured every 5 
minutes, and DGP was increased by 5 psi at 30-min inter- 
vals. Other monitoring included neuromuscular transmis- 
sion, temperature, urine output, and central venous pres- 
sure. 

Surgical Procedure. A transverse skin incision was made 
2 cm above the sternal notch. The trachea was found to be 
scarred and adherent to a large fibrous mass extending 
down into the mediastinum. Because of the difficulty in 
identifying the left recurrent nerve, it was feared that tra- 
cheal resection and anastomosis would sacrifice the left 
recurrent nerve, causing cord paralysis. Alternatively, it was 
decided to reconstruct and widen the trachea with a hyoid 
bone graft supported with a tracheal T-tube. 

The trachea was incised longitudinally in the midline 


from the 2nd to the 5th cartilage rings. The distal end of the 
HFPPV catheter was pulled out through the tracheal incision 
and passed through the intraluminal (intratracheal) lumen 
of an 8-mm i.d. tracheal T-tube (Fig 1). The catheter and 
the T-tube were placed inside the trachea and HFPPV of 
both lungs was continued. A hyoid bone graft was mobilized 
with its blood supply and wedged between the edges of the 
tracheal incision. The T-tube provided support and stability 
for the bone graft (Fig 2). 

At the completion of surgery (7 hours) HFPPV was 
continued through the catheter in the postoperative period 
rather than relying on reversal of the large amounts of 
pancuronium (20 mg) and fentanyl (3.5 mg) used. 

Postoperative Period. The patient received HFPPV during 
transit to the surgical intensive care unit. The HFPPV ven- 
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FG 1. HFPPV catheter placed inside intraluminal limb of tra- 
cheal T-tube. Abbreviations used are: F, frequency; DGP, driving 
gas pressure; IT%, insufflation time present. 





DGP I% 






GAS OUTFLOW 


HYOID BONE GRAFT 


GAS OUTFLOW 


Fig 2. HFPPV catheter and tracheal T-tube placed inside tra- 
chea. Hyoid bone graft is supported by T-tube. Extraluminal limb 
and open glottis function as port for HFPPV gas outflow. HFPPV 
parameters are shown in top box. Abbreviations are the same 
as in Fig 1. 
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tilator was powered and supplied by oxygen from a portable 
tank, which was fitted with a special pin-index outlet valve. 

HEPPV was continued in the surgical intensive care unit 
at a frequency of 150 breaths per minute, DGP 25 psi, 
insufflation time percent 40%, and Fio, 0.5. After 2 hours, 
the patient was breathing spontaneously and was respond- 
ing to verbal commands. Weaning from HFPPV was started 
by gradual reduction of the DGP by 5 psi every % hour. 
The other parameters of HFPPV were not changed. The 
patient was successfully weaned and the catheter removed 
4 hours after adrnission to the surgical intensive care unit. 
Blood gas tensions were measured frequently to assure 
adequate ventilation and oxygenation during the period of 
weaning. The changes in pH, Paco,, and Pao, during the 
different parameters of HFPPV used during and after sur- 
gery are shown in Figs 3 and 4. 

The patient’s postoperative course was uncomplicated. 
He was discharged on the 7th postoperative day with the 
tracheal T-tube in place. The tracheal T-tube was removed 
after 6 months and the stoma was successfully healed. 


Discussion 


The ideal method of ventilation during anesthesia 
for surgery involving the major airways should pro- 
vide adequate alveolar ventilation and oxygenation 
during the period of resection and reconstruction of 
the airway. It should provide maximal surgical access 
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Fie 3. Pao, Poco, and pH during HFPPV at different DGPs. 
Notice improvement of COs elimination by increasing DGP to 25 
psi, and minimai effect of placing T-tube in trachea. 
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Fig 4. Pao, Pco,, and pH during weaning from HFPPV. DGP 
was decreased 5 psi every 12 hour. 


to the circumference of the open airway for perfect 
anatomic alignment and an airtight reconstruction. 
Our choice of HFPPV through a small catheter was 
based on the original surgical plan to resect the sten- 
otic portion of the cervical trachea. The change of 
surgical plan to reconstruct the trachea with a hyoid 
bone graft supported by a tracheal T-tube showed 
another advantage of HFPPV. 

Because of the design and shape of tracheal Mont- 
gomery I-tubes, it is difficult to establish an adequate 
airway for the administration of conventional me- 
chanical ventilation as with conventional cuffed tra- 
cheostomy tube (17, 18). The use of the extraluminal 
limb as an airway for the delivery of the large tidal 
volume during conventional ventilation is associated 
with a large gas leakage through the open upper 
intraluminal limb and around the uncuffed tracheal 
T-tube. This leakage will prevent the generation of 
adequate positive airway pressure which is essential 
for convective (bulk) flow ventilation. Two techniques 
have been described to permit the use of conventional 
intermittent positive pressure ventilation (IPPV) 
through the external extraluminal limb. The external 
lumen of the T-tube can be fitted with a standard 15- 
mm adaptor and connected to the conventional IPPV 
anesthesia circuit. However, adequate alveolar venti- 
lation can only be achieved after occlusion of the 
superior part of the intraluminal limb to minimize the 
escape of the delivered tidal volume through the open 
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glottis. In one technique this has been accomplished 
with a Fogarty embolectomy catheter introduced 
through the extraluminal limb into the upper intra- 
luminal limb. In the other technique, the glottis and 
the upper limb of the T-tube are occluded with a tight 
pharyngeal pack. IPPV can also be acministered 
through the intraluminal limb of the tracheal T-tube. 
The technique of translaryngeal intubation of the 
upper intraluminal limb with a Cole tube was de- 
scribed in a pediatric patient. Once the airway is 
established, occlusion of the extraluminal limb will 
allow the use of IPPV (19, 20). 

We believe that these maneuvers and techniques 
are cumbersome, difficult to apply, and perhaps dan- 
gerous. They can, for example, totally obstruct the 


airway and prevent alveolar ventilation. Besides, their - 


application during tracheal reconstruction and place- 
ment of the T-tube can impair surgical access and 
complicate the surgery. 

The tracheal T-tube can be utilized to maintain the 
airway during anesthesia in patients wizh T-tube. 
Nonetheless, the choice of anesthetic techniques is 
limited by the mandatory maintenance of adequate 
spontaneous breathing. The recommendation that the 
T-tube be replaced with a standard tracheostomy or 
endotracheal tube before the administration of gen- 
eral anesthesia and mechanical ventilation may prove 
harmful in patients with recent tracheal reconstruc- 
tion. 

Injector jet ventilation through a small catheter can 
be used as a method of ventilation during tracheal 
reconstruction with a tracheal T-tube. However, the 
large tidal volumes used impair pulmonary and sys- 
temic circulations, and the negative pressure gener- 
ated by the jet suctions blood and debris into the 
trachea and lower airways. These disadvantages limit 
the value of this technique during major airway sur- 
gery (21, 22). 

Alternatively, we found that HEPPV through a 2- 
mm i.d. catheter provided adequate alveolar ventila- 
tion and oxygenation during tracheal reconstruction 
and the placement of a tracheal T-tube. The small 
catheter provided optimal surgical access during tra- 
cheal reconstruction and accommodated the change 
in surgical plan. The placement of the tracheal T-tube 
required only the simple maneuver of placement of 
an HFPPV catheter through the intraluminal limb. 
During HFPPV, the T-tube and the open trachea 
functioned as expiratory ports for the continuous 
outflow of gas; this prevented the contamination of 
the lower trachea and bronchi with blood and debris. 

HFPPV through a small catheter can be used to 


provide controlled ventilation during anesthesia in 
patients with a tracheal T-tube. Translaryngeal intu- 
bation of the intraluminal limb and trachea can be 
easily accomplished with the small HFPPV catheter. 
Alternatively, a HFPPV catheter can be introduced 
through the extraluminal limb, gently flexed upward, 
to direct the catheter to lie above the carina. A smaller 
catheter or a cannula can be used in pediatric patients. 
This technique can be used to provide respiratory 
support during resuscitation of patients with tracheal 
T-tubes. The use of HFPPV after surgery for respira- 
tory support and weaning during the recovery from 
anesthesia showed another advantage of this tech- 
nique. HFPPV was reported to inhibit spontaneous 
breathing in some patients when a DGP greater than 
35 psi was used (23). Nonetheless, HFPPV provided 
adequate ventilation and oxygenation with no impair- 
ment of return of spontaneous breathing and was well 
tolerated by our patient. 

We believe that HFPPV through a catheter is an 
ideal technique for the anesthetic management of 
patients having tracheal reconstruction and patients 
with tracheal T-tubes. 
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Bicitra Is 0.3 Molar 
Sodium Citrate 


To the Editor: 


I was interested in the study per- 
formed by Eyler et al (1) in which 
they compared Mylanta, a particulate 
antacid, and Bicitra, a soluble antacid, 
both as antacids and as pulmonary 
irritants. Our pharmacy has been re- 
luctant to prepare a sodium citrate 
solution as a soluble antacid for use 
in our obstetric suite so we have been 
seeking a commercial preparation 
with demonstrated effectiveness. 
Their study suggests that Bicitra may 
well be a suitable alternative to par- 
ticulate antacids. There is difficulty, 
however, when one tries to compare 
their results with those of others who 
have studied sodium citrate. Previous 
investigators have utilized 0.3 m so- 
dium citrate (2) whereas Eyler et al 
state that they evaluated 1 m sodium 
citrate diluted to half strength. The 
molecular structure of sodium citrate 
and the concentration of this dihy- 
drated compound in Bicitra reveals 
that they did not, in fact, evaluate 1 
m sodium citrate. The molecular 
weight of dihydrated sodium citrate 
is 294. Bicitra contains 100 g of so- 
dium citrate/1000 ml, i.e., 100 2/294 
g or 0.34 m. Therefore, the concentra- 
tion of sodium citrate in Bicitra is 
equivalent to that used by others and 
the concentration studied by Eyler et 
al was in reality 0.17 m, approximately 
half the strength evaluated by others. 
This confusion may have occurred 
because sodium citrate contains three 
atoms of sodium per molecule. Thus, 
a one third molar solution is actually 
one normal (n) and is indeed 1 m for 
sodium ion. This error does not de- 
tract from their results, which empha- 
size the potency of sodium citrate as 
an antacid and its apparent decreased 
potential for inducing lung injury if 





letters 


TO THE EDITOR 


aspirated. The primary emphasis 
must continue to remain, however, on 
rapid and skillful protection of the 
airway with a cuffed endotracheal 
tube for patients at risk for aspiration 
of gastric contents. 


Laurence S. Reisner, MD 
Department of Anesthesiology 
University of California, 

San Diego Medical Center 
San Diego, CA 92103 
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Nonparticulate 
Antacids 


To the Editor: 


Prophylactic administration of ant- 
acids has been used to alleviate the 
more harmful effects of the aspiration 
of acidic gastric contents. However, in 
dogs, particulate antacids can produce 
a severe bronchopneumonia (1). The 
paper by Eyler et al (2) documents 
again the more severe pathologic 
changes after the aspiration of a par- 
ticulate antacid. A nonparticulate an- 
tacid, sodium citrate, has been shown 
to be safe and to decrease effectively 
gastric acidity (3, 4). The pH of a 0.3 
M sodium citrate solution is approxi- 
mately 8.4. The pH of Bicitra, the 
nonparticulate antacid containing so- 
doim citrate and citric acid and eval- 
uated by Eyler et al (2), is approxi- 
mately 4.2. The large difference in pH 
may not be clinically significant. Al- 
though Bicitra has been shown to pro- 
duce minimal pulmonary pathology 
after aspiration, whether this agent 


effectively decreases gastric acidity 
needs to be demonstrated before it is 
used prophylactically. 
C. F. James, MD 
Department of Anesthesiology 
C. P. Gibbs, MD 
Departments of Anesthesiology 
and Obstetrics and Gynecology 
University of Florida 
College of Medicine 
Gainesville, FL 32610 
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Electrochemical Skin 
Burn after 
Transcutaneous 
Electronerve 
Analgesia 


To the Editor: 


Temporary relief of pain by trans- 
cutaneous electrical nerve stimulation 
(TENS) has been observed by many 
investigators (1-3). This method has 
been used for relief of postoperative 
pain by intracutaneous implantation 
of metallic suture material (Ethicon 4- 
0) into the skin (4). We modified this 
system of postoperative TENS by us- 
ing Michel clips attached to electrodes 
of a transcutaneous nerve stimulator. 
These electrodes are then attached to 
both ends of the surgical incision. We 
obtained good pain relief in many 
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patients, but we want to report one 
case with an unusual complication, a 
skin burn. 

Total abdominal hysterectomy was 
performed under general anesthesia 
through a Pfannenstiel incision in a 
62-year-old woman who had normal 
biochemical blood tests and a normal 
physical examination. TENS was ap- 
plied to the skin with frequency 
change from 50 to 100 Hz, pulse du- 
ration 0.5 msec, voltage output 80 V, 
and maximum single pulse current 40 
mamp, in continuous stimulation for 
48 hours, without postoperative pain. 
At the site of the Michel clips there 
developed, however, signs of third 
degree burns (1.5 x 1 cm) and on the 
clips were electrical corrosion and salt 
deposits. 

Our explanations for this compli- 
cation are: (a) The copper electrodes 
were attached to stainless steel. These 
two different metals separated by a 
conducting fluid from the incision 
and from the skin formed a battery, 
although one of low voltage. Perhaps 
there was an electrochemical reaction 
between these two metals. (b) At a 
junction between the metal and the 
skin, rectification of the TENS voltage 
applied could have taken place, re- 
sulting in a DC voltage. This can 
cause electrolysis of saline with re- 
sulting generation of sodium hydro- 
chloride and hydrogen at the cathode 
and chlorine and oxygen at the anode. 
{c} The use of electrical stimulation 
continued for too long a time. 

We conclude that electrical stim- 
ulation during. TENS should be ap- 
plied intermittently. The best way of 
achieving this is to have the electro- 
nerve analgesia applied by the patient 
himself according to his needs. The 
electrodes should be connected di- 
rectly to the skin, and the skin should 
be completely dry and clean. After 
this episode, we changed our method 
accordingly without again encounter- 
ing this complication. 

Abba Etchin, MD 

Department of Anesthesiology 

Yaakov Mamet 

Department of Obstetrics and 
Gynecology 

Laniado Hospital 

Netanya, Israel 
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Aortic and Mitral 
Valve Replacement 
after Sickle Cell 
Crisis 

To the Editor: 

A 30-year-old black woman, 162 
cm tall and weighing 50 kg, with a 
history of rheumatic heart disease and 
sickle cell anemia, was scheduled for 
aortic and mitral valve replacement 
because of severe aortic and mitral 
regurgitation and pulmonary hyper- 
tension. Thirteen days before surgery 
she was admitted because of a sickle 
cell crisis. After this crisis resolved, 
the patient underwent a partial ex- 
change transfusion 2 days before sur- 
gery with 1150 ml of washed red 
blood cells. This resulted in a hemo- 
globin S level of 50% and a hemoglo- 
bin A level of 45%, A second partial 
exchange of 1260 ml was carried out 
the day before surgery, elevating the 
hemoglobin A to 73% and decreasing 
hemoglobin S to 25% with a hemoglo- 
bin level of 10.6 g%. 

A review of the literature revealed 
no reports of cardiopulmonary by- 
pass in a person with SS hemoglobin. 
A goal of 60% to 70% hemoglobin A 
was set on the basis that partial ex- 
change transfusion, until this level of 
hemoglobin A is achieved, has been 
proposed as therapy for sickle cell 
crises and as a means for prevention 
of crises during anesthesia for major 
surgery (1-3). 

It is possible to do partial exchange 
transfusions before surgery or during 
surgery after cannulation for bypass. 
Exchange before surgery was chosen 
for our patient for the following rea- 
sons: (a) None of the patient’s own 
plasma or clotting factors would be 
lost; (b) The transfused blood would 


have time to increase its 2,3-diphos- 
phoglycerate levels and oxygen carry- 
ing ability before surgery; (c) The 
number of erythrocytes with hemo- 
globin S would be greatly decreased. 
As they are the cells that adhere ab- 
normally to the endothelium, their 
adherence correlates with clinical se- 
verity (4); (d) Changes in blood vol- 
ume would be minimal and the pa- 
tient would have time to adjust to the 
changes; and (e) The protection af- 
forded by partial exchange transfu- 
sion would be present during induc- 
tion of anesthesia and during surgery 
before insertion of cannulae before 
cardiopulmonary bypass. 

At the time of surgery the patient 
was prepared by insertion of intrave- 
nous lines and arterial and Swan- 
Ganz catheters. Anesthesia was in- 
duced after administration of 30 mg/ 
kg of methylprednisone (Solu-Med- 
rol) with fentanyl, diazepam, and lid- 
ocaine. Relaxation was obtained with 
pancuronium and metocurine. Except 
for hypothermia to 26°C during by- 
pass, the general principles of care for 
sickle cell patients, including avoid- 
ance of acidosis, dehydration, and hy- 
perventilation, were followed (2, 5). 

The cardioplegia solution and the 
pump prime solution were our stan- 
dard, except that blood and albumin 
were added to the pump prime solu- 
tion. Cardiopulmonary bypass lasted 
approximately 2% hours, during 
which Bjork Shiley valves were 
placed in the aortic (#23) and mitral 
valve (#29) locations. Hemoglobin 
levels were approximately 8 g%/ml 
during bypass, increasing to 8.8 near 
the end of the procedure. 

The bypass and post-bypass pe- 
riods were uneventful. The patient 
was extubated the following morning, 
at which time the hemoglobin S con- 
centration was 3% and hemoglobin A 
97%, She was discharged from the 
intensive care unit later that day and 
discharged from the hospital 8 days 
later. 


Charles T. Ingram, MD 
Joseph B. Floyd, MD 
Albert H. Santora, MD 
Department of Anesthesiology 
Grady Memorial Hospital 
Emory University School 

of Medicine 
Atlanta, GA 30335 
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Variability of 
Cerebrospinal Fluid 
Density 


To the Editor: 


I would like to call attention to an 
apparent inaccuracy in a conclusion 
made in the paper by Levin et al (1) 
based on a probable misquotation. 

Levin et al wrote that Davis and 
King (2) “reported a density range of 
0.9990 to 1.0030 g/ml at 37°C.” Levin 
et al then concluded in part that the 
true range of human cerebrospinal 
fluid (CSF) density values is probably 
narrower than our “0.9990 to 1.0030 
g/ml.” 

At 37°C the CSF densities that we 
measured ranged from 1.0006 to 
1.0013 g/ml. We also calculated a 
99.73% confidence limit of 0.9998 to 
1.0022 g/ml. We did not report a 
wider density range of 0.9990 to 
1.0030 g/ml at 37°C. 

All of the confidence limits given 
by Levin et al are the more inclusive 
95%, and their standard deviations 
(SD) appear to be derived from nine 
CSF samples at 37°C and eight CSF 
samples at 23 to 25°C. Our preferred 
SD values, merely + 0.0001 g/ml 
larger, were based on the series of 150 
CSF samples studied by Wolman et 
al (3). Although we did measure with 
precision at 37 and 25°C, we primar- 
ily confirmed the results of larger se- 
ries reported by others, transforming 
their compound specific gravity val- 
ues to the more fundamental density 
values and applying statistica] analy- 
ses to their results. 

When the misquotations are cor- 
rected and expressed with similar 
confidence limits, I believe that the 
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normal variability range reported by 
Levin et al and that reported by our- 
selves will be recognized to be similar. 


Harold Davis, MD 
333 Magellan Avenue 
San Francisco, CA 94116 
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Liquid Crystal 
Thermometry 


To the Editor: 


Vaughan et al (1) demonstrated 
that contacting liquid crystal temper- 
ature trend monitors provide impre- 
cise thermometry under hypothermic 
clinical conditions; this has always 
been a limitation of simple contact 
thermometry. Surface temperature is 
almost totally a function of cutaneous 
blood flow and not the metabolic rate 
of the underlying tissue; it is further 
modified by environmental factors 
(humidity, ambient temperature, 
wind speed) and any perturbations 
caused by the contacting probe itself. 
Their information would have been 
mere helpful had they taken into ac- 
count ambient temperature, relative 
humidity, and air handling within 
their recovery facility. Also, because 
liquid crystal monitors require inter- 
pretation in determining temperature, 
failure to “blind” the observer to the 
tympanic membrane temperature in- 
troduces experimental bias. 

In quoting the work of Benzinger 
(2), they state that tympanic mem- 
brane temperature is an accurate and 
precise indicator of core temperature. 
The authors use the term “core” tem- 
perature repeatedly without defining 
the term. Although it is conceptually 
convenient to speak in terms of core 
and shell temperatures when discuss- 
ing heat transfer, it is not something 
that can be clinically monitored un- 
less defined. Traditionally intracar- 
diac blood temperature has been the 
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“gold standard” for core temperature; 
deep esophageal temperature is the 
second best method. Tympanic mem- 
brane temperatures, however, are not 
always identical with core tempera- 
tures. Cabanac et al (3) have shown 
an increasing gradient between deep 
esophageal and tympanic membrane 
temperature where facial cooling is 
instituted. 


Hammel et al (4) did not show a 
“reasonable correlation between hy- 
pothalamic and rectal temperatures” 
as claimed by Vaughan et al. Rather, 
Hammel et al demonstrated in mon- 
keys and dogs, not humans, that the 
set point for temperature regulation 
is decreased by increasing skin or ex- 
trahypothalamic (rectal) temperatures 
and increased by decreasing skin and 
extrahypothalamic temperatures. 
There are no thermal receptors in the 
rectum and no clear relationship ex- 
ists between rectal temperature and 
either sweating or vasomotor tone. 
Indeed, the Benzinger article, refer- 
enced by the authors and 6 years 
more current than Hammel, showed 
that rectal temperatures and tympanic 
membrane temperatures often differ 
by wide margins. 

Core (intracardiac) temperature 
can, however, be monitored reliably 
and accurately using a noninvasive 
method (5) that makes use of the zero 
heat flux principle. This method uses 
a contacting cutaneous probe that cre- 
ates a zone of no heat flux between 
deep body structures and the skin 
surface. Although simple to use, it 
does require line-operated (120 V) 
electronics and costs several thousand 
dollars. 


Liquid crystal temperature trend 
indicators are not thermometers; that 
they indicate a change from base line 
and the need for more accurate ther- 
mometry is sufficient. What is impor- 
tant is that these liquid crystal moni- 
tors rapidly detect a trend. Vaughan 
et al (1) feel that “the question of 
whether liquid crystal thermometry 
may be useful in clinical situations to 
diagnose or follow trends with ex- 
treme temperature change (e.g., ma- 
lignant hyperthermia) remains unan- 
swered,” but our paper (6) success- 
fully showed that they will at least 
rapidly detect acute increases in body 
temperature, their objection to our 
use of linear regression analysis not- 
withstanding. In preparation for an 


803 


anesthetic, the selection of appropri- 
ate temperature monitoring is a clin- 
ical judgement best reserved for the 
individual anesthesiologist. Liquid 
crystal monitors should not supplant 
accepted clinical thermometry prac- 
tices, but rather fill those monitoring 
voids (e.g, brief outpatient anes- 
thetics) where thermometry is rarely 
practiced. 


David Eric Lees, MD 
Anestnesiology Section 
Clinical Center 

National Institutes of Health 
Bethesda, MD 20205 
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To the Editor: 


We appreciate the interest gener- 
ated by our recent article (1) and the 
opportunity to respond. 

For any study, a discussion of va- 
lidity must address whether the in- 
strument [tympanic membrane sen- 
sor (TM)] actually measures the con- 
cept in question (core body tempera- 
ture). Our definition of core temper- 
ature (TM) does appear in the abstract 
of our article. Moreover, the use of 
the word “core” subserves a concep- 
tual convenience need. 

Although temperature measure- 
ments taken at more central locations 
of body circulation (intracardiac and 
esophageal) have been accepted as 
core measurements and are indirectly 
assumed to reflect mean body tissue 
temperature, routine use of these 
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monitoring techniques in the recovery 
room is not reasonable. Moreover, 
such techniques may not be well tol- 
erated by the emerging, postanes- 
thetic adult. Rectal temperature has 
been accepted as the traditional meas- 
uring site of core temperature before 
investigations by Benzinger and oth- 
ers who showed a disparity between 
esophageal and rectal temperatures 
(2). Studies not originally cited by us, 
but ones that lend clinical support to 
the correlation of TM with esopha- 
geal temperature measurements are 
those by Webb (3) and Benzinger (4). 
For example, in 35 subjects who un- 
derwent saphenous-vein bypass pro- 
cedures for aortocoronary surgery, 
Webb found that TM closely parallels 
simultaneous temperature measure- 
ments made in the esophagus. A lim- 
itation of this study is that two cases 
were cited rather than complete data 
with mean and SEM values for each 
site at each time point. Nevertheless, 
Webb’s suggestions support similar 
results reported by Benzinger. Thus, 
in the recovery room, we chose TM 
temperature to be compared with the 
“shell” or skin temperature [liquid 
crystal adhesive temperature strip 
(TS)]. 

The paper by Cabanac and Caputa 
(5) cited by Lees, although interesting, 
addressed facial heat dissipation dur- 
ing muscular work in a cold environ- 
ment. We question the clinical rele- 
vancy of assuming that differences 
between esophageal and TM meas- 
urements in five healthy, exercising 
male adults can be extrapolated to 
inactive, recovering, postanesthetic 
adults. 

The use of unblinded observer to 
strengthen our study design is a valid 
point. Such a study design would, 
however, have required two trained 
observers recording separately the si- 
multaneous TM and TS observations. 
Economic considerations dictated our 
final design. 

We agree with Lees that “liquid 
crystal monitors should not supplant 
accepted clinical thermometry prac- 
tice.” Unfortunately, although TSs 
were designed to track core tempera- 
ture changes, i.e trend indicators, 
they are also used as a reliable index 
of core temperature. The purpose of 
our study was to determine whether 
TS could be a reliable trend indicator 
of core temperature in recovering 


postanesthetic adults. Trends are 
measured over time. Based on corre- 
lation coefficients generated from in- 
dependent observations over time, 
our data comparing TM with TS sup- 
port the premise that temperature 
strips are not reliable trend indicators. 
Although it may be true that liquid 
crystal monitors will detect initial or 
intermittent “acute” increases in body 
temperature, we disagree that data 
presented in the article by Lees et al 
(6) support that conclusion. Linear 
regression requires independence of 
observation; otherwise, the analysis is 
invalid. Conclusions drawn from vi- 
olation of statistical assumptions re- 
main questionable at best. 

Finally, as requested by Lees, we 
are pleased to supply additional in- 
formation that may be relevant for 
clinical interpretation of our article. 
During data collection, all subjects 
remained in a relatively stable recov- 
ery room environment. Ambient tem- 
perature (mean + SEM) was 21.6 + 
0.03°C, relative humidity was 55% + 
0.12%, and approximated air ex- 
change was 5 to 12 times per hour. 

We thank Lees for his interest, ob- 
servations, and critique, and trust this 
dialogue clarifies rather than con- 


fuses. 


M. Sue Vaughan, PhD 
Department of Pharmacology 


Robert W. Vaughan, MD 
Department of Anesthesiology 
University of Arizona 

Health Sciences Center 
Tucson, AZ 85724 
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Pulmonary Capillary 
Wedge Pressure 


To the Editor: 


Kaplan and Wells’ recent study (1) 
and Kaplan’s letter (2) expand our 
understanding of left ventricular (LV) 
diastolic properties and cardiac mon- 
itoring. Kaplan et al (1, 3) have dem- 
onstrated the usefulness and need for 
careful observation of pulmonary 
capillary wedge pressure (PCWP) 
tracings during coronary artery revas- 
cularization. 

Kaplan and Wells (1) assume that 
acutely decreased LV compliance, as 
evidenced by sudden large A and V 
waves of the PCWP tracing, is repre- 
sentative of myocardial (subendocar- 
dial) ischemia. Decreased LV compli- 
ance may be associated with suben- 
docardial ischemia, as described, but 
other factors also govern LV diastolic 
pressure-volume relationships. 

Alderman and Glantz (4) have 
demonstrated altered LV diastolic 
pressure-volume curves in patients 
with and without coronary artery dis- 
ease after angiotensin infusion. These 
patients demonstrated increased LV 
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diastolic “stiffness” (AP/AV) without 
evidence of myocardial ischemia. 
Mitchell et al (5) and others have 
shown that rapid heart rates in dogs 
may alter LV diastolic pressure-vol- 
ume curves by allowing only incom- 
plete LV relaxation and thus increased 
diastolic stiffness, and therefore, pos- 
sibly increased intracardiac pressures. 
In patients with coronary artery dis- 
ease, a disparity between left atrial 
pressure and LV end diastolic pres- 
sure may appear during tachycardia 
(6). At these rapid heart rates, a su- 
perimposition of sudden large A and 
V waves in the left atrial pressure 
tracing has been observed with si- 
multaneous decreases in the LV end- 
diastolic pressure (7). Perhaps this di- 
vergence of pressures is due to atrial 
contraction against a closed mitral 
valve. Thus, it appears that acutely 
abnormal PCWP tracings may exist 
without concomitant myocardial is- 
chemia. l 

During anesthesia and surgery, 
both endogenous and exogenous vas- 
oactive substances may act to alter LV 
diastolic pressure-volume relation- 
ships, as evidenced by abnormal 
PCWP tracings. As Kaplan points out, 
a sudden abnormal PCWP tracing is 


an important hemodynamic event 
and requires prompt treatment. 


Steven J. Schwam, MD 

University of Miami 
School of Medicine and 

Veterans Administration 
Medical Center 

Miami, FL 33101 
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Respiratory Failure in the 
Child, edited by G. A. Gre- 
gory, New York, Churchill 
Livingstone, 1981, 205 pp, 
$32.50. : 


The strength of this book lies in its 
uncommon focus on common pedi- 
atric problems. The pediatric litera- 
ture is replete with basic information 
concerning illness associated with res- 
piratory distress. However, because 
the range of severity of disease in 
these conditions is broad, and severe 
respiratory dysfunction or outright 
respiratory failure relatively uncom- 
mon, most texts give elaborate atten- 
tion to the milder end of the spec- 
trum. They emphasize outpatient 
management or the needs of less se- 
riously ill hospitalized patients. Most 
content themselves with an acknowl- 
edgment that respiratory failure may 
occur, but offer little to guide the 
clinician who sees sicker children. 

This volume picks up where others 
leave off, with emphasis on the path- 
ophysiology and treatment of asthma, 
aspiration syndromes, ` congestive 
heart failure, and chronic lung disease 
. in their extreme. Overall, it is a well 
organized tour through clinical mate- 
rial that represents a large fraction of 
pediatric intensive care. The initial 
chapter on diagnosis of respiratory 
failure is far too basic, but other chap- 
ters provide a useful overview of 
intubation, mechanical ventilation, 
monitoring, and adverse sequelae of 
therapeutic intervention. 

The chapters on specific clinical 
disorders consolidate information on 
pathophysiology and an approach to 
treatment not readily found else- 
where in one place. Although no 
chapter can be considered a step-by- 
step guide to management, each pro- 
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vides an extensive theoretical ration- 
ale for a practical approach to caring 
for a child unfortunate enough to 
manifest severe respiratory dysfunc- 
tion. The chapters on status asthma- 
ticus and respiratory failure of cardiac 
origin are the most intellectually sat- 
isfying in their effective synthesis of 
clinical, physiologic, and pharmaco- 
logic data. 

The book will be of greatest value 
to those training in pediatric intensive 
care, but it will also serve more ex- 
perienced clinicians as a resource for 
teaching. Extensive current bibliog- 
raphies contained in each chapter will 
save many trips to the library. Aca- 
demic referral pediatricians, whose 
patients are disproportionately rep- 
resented on the severe end of the 
spectrum, and pediatric anesthesiol- 
ogists, who must often care for these 
children in the midst of their illness, 
will also find it useful. 


Ann E. Thompson, MD 
Assistant Professor of 
Anesthesiology and Pediatrics 
University of Pittsburgh 
Pittsburgh, PA 15213 


Catheterization Tech- 
niques for Invasive Car- 
diovascular Monitoring, 
by C. D. Blitt, Springfield, 
IL, Charles C Thomas, 
Publisher, 1981, 144 pp, 
$28.75. 


Invasive cardiovascular monitoring 
has become common practice in the 
anesthetic management of the criti- 
cally ill adult and child. This well 
organized, small book reviews in de- 
tail the indications, technique, equip- 


ment, and complications in the use of 
arterial catheters, central venous pres- 
sure catheters, and pulmonary arterial 
catheters. The book is, in general, 
well written but contains some occa- 
sional redundancies. The reader won- 
ders if the author could not have uni- 


. formly called “lines” catheters to help 


remove jargon from medical writing. 
More important, however, the de- 
scriptions of catheter insertion tech- 
niques are clear, simple, and straight- 
forward. This certainly reflects Dr. 
Blitt’s vast teaching and clinical ex- 
perience. Likewise, the illustrations 
and photographs used to augment the 
text are clear and wel] labeled. For 
example, an ischemic hand can be 
distinguished from a nonischemic 
hand during performance of an Allen 
test in the black and white photo- 
graphs. | 

During the first reading I thought 
the book was dogmatic—it is not. Un- 
fortunately, Dr. Blitt has not added 
author citations or reference numbers 
to the text. This lack of citation in the 
text improves the readability, but 
makes it difficult to retrieve appro- 
priate references from the extensive 
bibliography. The rationale for the 
use of a pulmonary arterial catheter 
in the critically ill patient (rather than 
central venous pressure catheters) is 
not developed in full detail. The ex- 
perienced anesthesiologist will intui- 
tively know why pulmonary arterial 
catheters are used in such patients but 
the novice could use more informa- 
tion. Many authors suggest “aiming” 
for the ipsilateral nipple during inser- 
tion of an internal jugular catheter. 
Therefore, it is somewhat disappoint- 
ing that neither the illustrations nor 
the text makes this point clear. In 
addition, the pediatric anesthesiolo- 
gist will be somewhat disappointed in 
this book as a teaching manual; the 
portion devoted to pediatric patients 
is severely limited. For example, there 


X 


is no information about umbilical ar- 
tery or umbilical vein catheterization 
of the newborn. Likewise, the anes- 
thesiologist performing his first arte- 
rial cutdown in a child, using this 
book as a guide, will find little help. 
Clearly, there is a need for a book 
such as this as a teaching manual for 
anesthesiology residents. I doubt, 


‘however, if the experienced anesthe- 


siologist would find this book of 
much value. The cost of this “little 
book” seems somewhat excessive, 
and this may limit its sale, which is 
unfortunate. Despite its minor flaws 
this is, indeed, a most useful teaching 
manual for anesthesiology residents. 
D. Ryan Cook, MD 
Associate Professor of 
Anesthesiology 
University of Pittsburgh 
Pittsburgh, PA 


Ambulatory Anesthesia 
Care, International Anes- 
thesiology Clinics, Vol- 
ume 20, edited by S. W. 
Woo, Boston, Little, Brown 
and Co., 1982, 168 pp, 
$40.00/yr. 


The message of this volume can be 
found in a remark made by Dr. 
Wong, one of its contributors, “a 
good ambulatory surgery program 
gives the anesthesiologist a very im- 
pertant opportunity to practice holis- 
tic medicine first and technical anes- 
thesia skills second.” The goal is to 
provide outstanding patient care, and 
in the case of the candidate for out- 
patient surgery the necessary role of 
the anesthesiologist becomes even 
more apparent. 

The first two thirds of this volume 
are given to discussion of preopera- 
tive evaluation, the variety of surgery 
performed, the usefulness of specific 
anesthetic techniques, and the partic- 
ular problems of some of the candi- 
dates for surgery as outpatients. In- 
sofar as these authors discuss their 
experience with anesthesia for out- 
patients, they lend support to the 
claim of Dr. Loffer that “there is little 
question that outpatient anesthesia is 
a subspecialty and, as such, deserves 
special attention and regard.” But as 
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the reader notes the particular rec- 
ommendations made here for the an- 
esthetic management of outpatients, 
it is clear that these recommendations 
could be and have been applied 
equally well to the majority of anes- 
thetics administered to inpatients. 
The technical anesthetic skills re- 
quired for safe and efficient care of 
outpatients are those required by any 
anesthesiologist attempting to restore 
consciousness with adequate analge- 
sia to a patient as soon as possible 
following closure of a surgical proce- 
dure. Certainly the technical advances 
in anesthesiology that make rapid re- 
covery of consciousness possible are 
a necessary requirement for the in- 
creased use of surgical facilities by 
outpatients, but the major currently 
limiting factors, and those that do 
differentiate the care of all outpatients 
from that of any inpatient, are admin- 
istrative and economic. 

The final third of this volume ad- 
dresses these factors as they influence 
the function of freestanding surgical 
care facilities and hospital-based am- 
bulatory surgical units. It is in this 
section that the practicing anesthe- 
siologist may find some guidance for 
working out a modus vivendi with the 
needs of candidates for outpatient 
surgical procedures in a given medical 
environment. By addressing this sit- 
uation, the anesthesiologist finds the 
opportunity to influence outside the 
operating theater aspects of patient 
care that are irrevocably tied to the 
intraoperative concerns of anesthetic 
practice. The anesthesiologist can 
have an important role in improving 
the delivery of surgical care to out- 
patients. Dr. Reed, Medical Director 
of the Surgicenter in Phoenix, Ari- 
zona, even believes that “the response 
to care in freestanding ambulatory 
surgical facilities has a significant 
message... . It is not government reg- 
ulation that will bring about cost con- 
tainment. Change that is initiated 
from within the medical profession 
itself will be responsible for maximiz- 
ing quality of care while minimizing 
health care costs. Such changes will 
be effected by common-sense appli- 
cation of the knowledge and skills 
with which our medical training and 
practical experience have provided 
us.” 

‘The facts presented in this volume 
demonstrate that. anesthesia for out- 
patient surgery can be administered 
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safely and efficiently, and that exist- 
ing administrative conditions can be 
modified for the benefit of the pa- 
tient. It is unclear what the effects of 
an increase in outpatient utilization of 
surgical facilities will be on practice 
patterns in referral and teaching in- 
stitutions. Savings realized in an out- 
patient setting do not necessarily af- 
fect increasing costs in other areas of 
health care. There is a long path ahead 
before the benefits of increased out- 
patient surgery can be fully realized 
and its implications felt throughout 
the medical community. This volume 
marks the first decade of that experi- 
ence. 


Barbara W. Brandom, MD 
Assistant Professor of 

Anesthesiology 
University of Pittsburgh 
Pittsburgh, PA 
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many abbreviations are used, include all in a box of definitions at 
the start of the article. 
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SPONSORING ORGANIZATION: The International Anesthesia Research Society is a non-profit, scientific and 
educational corporation of the State of Ohio. It serves the Specialty in two ways: (1) By publication of a monthly 
ķournal entitled ‘Anesthesia and Analgesia’’; and (2) By sponsorship of an annual scientific (‘Congress’) meeting 
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PURPOSE OF EDUCATIONAL MEMBERSHIP: To financially assist students in anesthesiology or anesthesia- 
welated training programs by making available to them, during the effective term of their Educational Membership: 


(1) A one-half price subscription to ‘‘Anesthesia and Analgesia’ and 
(2) Complimentary registration at the annual scientific meeting. 


‘WHO IS ELIGIBLE FOR EDUCATIONAL MEMBERSHIP: 
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professions; 


Il Nurses with a diploma or degree in nursing who are enrolled in nurse anesthesia schools; 


lll Students enrolled in programs leading to certification as Physician Assistants in Anesthesia/ ANSNES 
Assistants/ Physician Associates in Anesthesiology; and 


Students enrolled in programs leading to certification as Respiratory Therapists or Technicians. 


MEMBERSHIP TERMS AND COSTS: There are two membership periods available. The applicable member- 
ship dues must be paid in full with the application (i.e., annual payments of $15 will not be accepted.) 


Two-Year Term—$35.00: Individuals applying for this period should have at least 18 months remaining in 
their training program at the time of application: 


Three-Year Term—$52.00: Individuals applying for this period should have at least 30 months remaining in 
their training program at the time of application. 


Note: The Educational Membership term should not extend more than six months following the ending of the 
training program covered. To that end, I.A.R.S. may, at its option, enter memberships retroactively to 
conform. In such instances, back issues of the Journal will be sent so that all 2-year memberships include 
24 Journals, and all 3-year memberships include 36 Journals. 


CANCELLATION OF MEMBERSHIP: Educational Membership can be cancelled upon written request to the 
IARS, and return of membership card, if the member is no longer enrolled in the training program. Pro-rated 
refunds will be made at the discretion of the I.A.R.S. 


CONTINUATION OF MEMBERSHIP: After completion of the Educational Membership period, and upon pay- 
ment of membership dues then in effect, individuals in Category I will be automatically continued as Members; 
and individuals in Categories II and Ill will be automatically continued as Associate Members of the I.A.R.S. 


APPLICATION FORMS: The official application form (or facsimile thereof) must be used in applying for this 
membership, and payment must be submitted with the application. Application forms are available from the 
Cleveland business office, address above. 
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PAEDIATRIC Only requires a PLAIN TUBE 


Continuously ADAPTING BARRIER 





1915 Seventeenth Street 


Take advantage of the 
Dentmed general V-pack 


SIMPLE to POSITION 


LUBRICATED and SOFT inthe THROAT 


CUTS COSTS 


available from 


FORD -BAXTER 
INTERNATIONAL inc 


Sarasota Florida 33580 
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The American Society of Anesthesiologists 
invites you to participate in its charter subscription series 


a he he A an 
ASA Audio Reviews in Anesthesiology 


A unique audiojournal featuring a monthly series of audiocassette lectures 


officially deve oped, accredited, and sponsored by the ASA. 


The ASA Audio Reviews series teaches theoretical knowledge 
and practical skiis thraugh the examination of timely diagnostic 
and therapeutic approaches. current opinions, and research 
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Each month for 12 months the subscriber will receive 

® ae your-long presentation on a specific topic in 

eA \ print ted out ne of the presentation 

oA ae readings list, and 

. A multipie-choiwe test for CME credit 

A hand dsome, sik-screened, album nng-binder wil be mated 
with the first pregram to house the course components. 


aro up to 24 hours of Category 1 CME credit 


biannually, individual scores along with a master ans 


nena for up to 24 t hours of credit. 
Topics | in the Series Include: 


Cer ‘ebral Protection and Resuscitation: Anesthesia for Patients 
vith Coronary Artery Disease for Noncardiac Surgery. 

hee ase for Patients with Liver Disease Anesthesia for 
Thoracic Surgery: lee Use of isoflurane: Complications of 


Regional Anesthesia, inte action Bet ween Obstetric 
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and a certificate indicating earned CME credit wil! be returned 
to subscribers. an monthly issue provides two hours of CME 
Ree 1 credit and each year ‘of participation meets the 
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Over 500 million administrations throughout the world. 
Well over 125 million administrations in the 
United States alone. 


a Somewhere in the world—every two seconds—someone makes another decision 
~ touse PLUOTHANE® (halothane, U.S.P). And for good reasons: 


o FLUOTHANE has been more widely investigated than any other 
inhalation anesthetic. 



















O The FLUOTHANE experience shows association with hepatotoxicity 
to be extremely rare.’ According to conclusions drawn fromthe 
United States National Halothane Study and other studies,* unex- © 
plained jaundice following anesthesia with halothane ...was rare . 
occurrence (approximately 1:30,000 administrations) and...the over- 
all safety record of the anesthetic was excellent. “* 3 


oFLUOTHANE “...is nearest to the ideal [inhalation anesthetic]. pres- 
ently available for children of all ages. 


o FLUOTHANE has been recommended as the “anesthetic of choice” 
< for asthmatics. 


| And, of particular benefit in geriatrics ad cardiovascular surgery: 
Excessive respiratory depression is rarely a aproblemwith = 
< FLUOTHANE. Nor does it produce q an increase in 1 salivary or or eres 
= bronchial secretions. PES 





ehens! ve retrospective anclysis B COV vering #56 000 general anes thea! as--nearly one: third. 
OTHANE. Bunker, J.P, etal.: The Na tions Halothane § Study, Washington, DOG, = e 
| Government Printing Office, 1963. l , 


: ings. emis Society of Anesthesiclogists. 
"April 20-22, 1979, Richmond. VA. 


the most widely used inhalation 
anesthetic in the world 





FLUOTHANE 
(halothane, U.S.P) 


for a wide variety of 
techniques and procedures in patients of all ages 


(Compiete text of package circular) 
Description. FLUOTHANE, brand of halothane, 
U.S.P., is an inhalation anesthetic. It is 2- 
bromo-2-chioro-1, 1, 1-trifluoroethane and has 
the following structural formula: 








F Br 
N 
F C—C Ci 
Z 
F H 


The specific gravity is 1.872-1.877 at 20°C, 
and the boiling point (range) is 49°C — 51°C at 
760 mm Hg. The vapo” pressure is 243 mm Hg 
at 20°C. The blood/gas coefficient is 2.5 at 
37°C, and the olive oil/water coefficient is 220 
at 37°C. Vapor concentrations within anesthetic 
range are nonirritating and have a pleasant 
odor. FLUOTHANE is nonflammable, and its 
vapors mixed with oxygen in proportions from 
0.5 to 50 per cent (v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda time. When moisture 
is present, the vapor attacks aluminum, 
brass, and lead, but not copper. Rubber, same 
plastics, and similar materials are soluble in 
FLUOTHANE: such materials will deteriorate 
rapidly in contact with FLUOTHANE vapor or 
liquid. Stability of FLUOTHANE is maintained 
by the addition of 0.01 per cent thymol (w/w), 
up to 0.00025% ammonia (w/w), and storage 
is in amber colored bottles. 

FLUOTHANE should not be kept indefinitely 
in vaporizer bottles not specifically designed for 
its use. Thymol does not volatilize along with 
FLUOTHANE, and therefore accumulates in 
the vaporizer, and may, in time, impart a yellow 
color to the remaining iquid or to wicks in 
vaporizers. The development of such discolora- 
tion may be used as an indicator that the vapor- 
izer should be drained and cleaned, and the 
discolored FLUOTHANE (halothane, U.S.P) 
discarded. Accumulation of thymol may be 
removed by washing with diethyl ether. After 
cleaning a wick or vaporizer, make certain all 
diethyl ether has been removed before reusing 
the equipment to avoic introducing ether into 
the system. 

Actions. FLUOTHANE is an inhalation anes- 
thetic. Induction and recovery are rapid 

and depth of anesthesia can be rapidly al- 
tered. FLUOTHANE progressively depresses 
respiration. There may be tachypnea with 
reduced tida! volume and alveolar ventilation. 


FLUOTHANE is not an irritant to the respiratory 
tract, and no increase in Salivary or bronchia! 
secretions ordinarily occurs. Pharyngeal and 
laryngeal reflexes are rapidly abtunded. It 
causes bronchodilation, Hypoxia, acidosis, or 
apnea may develop during deep anesthesia. 

FLUOTHANE reduces the blood pressure, 
and frequently decreases the pulse rate. The 
greater the concentration of the drug, the more 
evident these changes become. Atropine may 
reverse the bradycardia. FLUQTHANE does not 
cause tne release of catecholamines from adre- 
nergic stores. FLUOTHANE aiso causes dilation 
of the vessels of the skin and skeletal muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include nodal 
rhythm, AV dissociation, ventricular extrasys- 
toles and asystole. FLUOTHANE sensitizes the 
myocardial conduction system to the action of 
epinephrine and norepinephrine, and the com- 
bination may cause serious cardiac arrhyth- 
mias. FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces moder- 
ate muscular relaxation. Muscle relaxants are 
used as adjuncts in order to maintain lighter 
levels of anesthesia. FLUOTHANE augments 
the action of nondepolarizing relaxants and 
ganglionic blocking agents. FLUQTHANE is a 
potent uterine relaxant. 

Indications. FLUOTHANE (halothane, U.S.P) is 
indicated for the induction and maintenance of 
general anesthesia. 

Contraindications. FLUOTHANE is not recom- 
mended for obstetrical anesthesia except when 
uterine relaxation is required. 

Warnings. When previous exposure to 
FLUOTHANE was followed by unexplained 
jaundice, consideration should be given to the 
use of other agents. 

FLUOTHANE should be used in vaporizers 
that permit a reasonable approximation of out- 
put, and preferably of the calibrated type. The 
vaporizer should be placed out of circuit in 
closed circuit rebreathing systems; otherwise 
overdosage is difficult to avoid. The patient 
should be closely observed for signs of overdos- 
age, Le., depression of blood pressure, pulse 
rate, and ventilation, particularly during 
assisted or controlled ventilation, 

Usage in Pregnancy. Safe use of 
FLUOTHANE has not been established with 
respect to possible adverse effects upon fetal 
development. Therefore, FLUOTHANE should 
not be used in women where pregnancy is 
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possible and particularly during early pregnancy, 
unless, in the judgment of the physician, the 
potential benefits outweigh the unknown haz- 
ards to the fetus. 

Precautions. The uterine relaxation obtained 
with FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives and oxy- 
tocic posterior pituitary extract. 

F LUOTHANE increases cerebrospinal fluid 
pressure. Therefore, in patients with markedly 
raised intracranial pressure, if FLUOTHANE is 
indicated, administration should be preceded 
by measures ordinarily used to reduce cerebro- 
spinal fluid pressure, Ventilation should be 
carefully assessed, and it may be necessary to 
assist or control ventilation to insure adequate 
oxygenation and carbon dioxide removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (haicthane, U.S.P) anesthesia 
since their simultaneous use may induce ven- 
tricular tachycardia or fibrillation. 

Nondepolarizing relaxants and ganglionic 
blocking agents should be administered cau- 
tlously, since their actions are augmented by 
FLUOTHANE, 

it has been reported that in genetically 
susceptible individuals, the use of general 
anesthetics and the muscle relaxant, succinyl- 
choline, may trigger a syndrame known as 
malignant hyperthermic crisis. Monitoring tem- 
ee during surgery will aid in early recogni- 

ton of this syndrome. Dantroiene sodium and 
supportive measures are generally indicated in 
the management of malignant hyperthermia. 
Adverse Reactions. The following adverse reac- 
tions have been reported: miid, moderate and 
severe hepatic dysfunction (including hepatic 
necrosis), cardiac arrest, hypotension, respira- 
tory arrest, cardiac arrhythmias, hyperpyrexia, 
shivering, nausea, and emesis. 
Dosage and Administration. FLUOTHANE may 
be administered by the nonrebreathing technic, 
partial rebreathing, or closed technic. The 
induction dose vanes from patient to patient. 
The maintenance dose varies from 0.5 per cent 
to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide. 

How Supplied. No. 3125-—Unit packages of 
125 mi and 250 mi of halothane, U.S.P, stabi- 
ized with 0.01% thymol (w/w), and up to 

0.00025% ammonia (w/w). 7197:RB2 











IM. V| Ventilator 


A MAJOR ADVANTAGE 


of Emerson ventilators is the 
sine-wave pressure curve 
produced by the Emerson piston. 


Inspiratory flow starts slowly, 
increases to maximum at mid-breath, 
and slows down again to a 
kind of plateau at the end. 


This flow pattern closely copies 
normal breathing, and (compared 
with a square wave) tends to distribute 
gas better in the lungs.* 
It probably accounts for the 
frequently-observed ability of 
Emersons to ventilate difficult 
patients at lower pressure levels. 


Exhalation is exceptionally free. 
Thus, the positive phase is not pro- 
longed needlessly, and impact on the 
cardiovascular system is minimized. 





The lower mean intrathoracic pressure, that results 
from this sine-wave pattern and easy exhalation, is a 
circulatory benefit of outstanding clinical importance. 


The simple, direct construction results in unique reliability. 
Emersons are known to operate for long periods 
without down-time or costly overhauls, a matter 
of significance for cost-effectiveness as well as 
for patient safety. 


With characteristics that ensure ventilatory capacity and 
a minimum of circulatory interference, your Emerson 
can be called on to treat severely difficult cases. It can 
provide important benefits in routine cases as well. 


"Sullivan, Saklad and Demers: “Ventilator Waveform and Gas Distribution” RESPIRATORY CARE 22:4:393. 


J. H. EMERSON COMPANY 


CAMBRIDGE, MASSACHUSETTS 02140 
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Halothane U.S.P. 
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HALOTHANE —THE WORLD'S STANDARD 


«Experience: thousands of publica- 
tions, millions of administrations. 


* Consistency: no surprises in the OR 
orrecovery room. 


* Cost: a fraction of the cost of enflurane 
or isoflurane. 


HALOCARBON — AN INDUSTRY LEADER 


«Experience: first manufacturer of 
fluorinated anesthetics in the U.S. 


* Consistency: pioneered in the 
manufacture of the consistently pur- 
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HALOCARBON 


When requested, bottle 
comes with collar, 
LABORATORIES, INC. 
82 Burlews Court 


Hackensack, N.J. 076014 
(201) 343-8703 
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Accuracy, simplicity and safety. 
We've made these the three primary 
characteristics of our 700 and 701 
Anesthesia Ventilators. The special 
features that make them unique 
also make these Fraser Harlake 
Ventilators the most functional 
models available today. 

Non-interacting physiological 
controls. Only three dials, all with 
linear calibrations, for greater 
accuracy as well as easier operation. 
The 701 Ventilator can be set to 
deliver exact Minute Volume, Rate, 
and |:E Ratio for proper patient 
ventilation. 

Built-in safety features. The 701 
Ventilator features the most com- 
plete warning system available. 
Alarms — both audible and visible — 





are triggered if setting exceeds 
specifications; gas supply pressure 
is low: actual LE is less than dial 
setting; patient is disconnected, or 
power is disconnected. These 
alarms monitor both the patient and 
the machine, and continue until the 
problem is corrected. 

Pediatric bellows assembly. 
Designed for the pediatric patient 
in surgery with Tidal Volume less 
than 300 milliliters. Both the Model 
700 and the Model 701 Ventilators 
can be converted for pediatric use 
by replacing the adult bellows 
assembly with the pediatric bellows 
assembly. 

And more. Solid-state circuity 
insures a high degree of accuracy 
and patient safety. Separate mount- 
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ing for control module and bellows 
assembly provides flexibility. Human 
engineered for convenient use. 


For more information on the 
Model 700 and Model! 701 Anes- 
thesia Ventilators. 
contact Fraser 
Harlake. 


An 
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innovation 
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care. 






“EGYPTIAN SOCIETY OF ANESTHESIOLOGISTS” 


‘DEPARTMENT OF ANESTHESIOLOGY’ 
LOYOLA UNIVERSITY OF CHICAGO 


ANNOUNCE 
“EGYPTIAN ANESTHESIA CONFERENCE” 
AN INTERNATIONAL CONVENTION FOR ANESTHESIOLOGISTS 


JANUARY 15-20, 1983 
CAIRO, EGYPT 


Program includes a refresher course and paper 
presentations 


Special guest faculty: Drs. Ali, Baraka, 
Estafanous, Kaplan, Nunn, and Winnie. 


For further details, please write to: 


Adel A. El-Etr, M.D. 
Professor and Chairman 
Department of Anesthesiology 
Loyola University Medical Center 
2160 S. First Avenue 
Maywood, Illinois 60153 
or call (312-531-4015) 
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L.A.R.S. 1982 
REVIEW COURSE LECTURES 


96-page booklet containing 14 Review Course Lectures given at the 56th 
Congress, March 15-18, 1982. Copies now available from I.A.R.S. Cleveland 
office at $5.00 per copy. 
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LA.R.S. 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Enclosed is check for $ — for... copy(ies) of “1982 Review Course Lectures” to be 


sent to: 
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Starting with advantages like a very desira- 
ble oceanfront location in a pleasant and 
highly supportive residential community 
(even including plenty of onsite parking), 
we are making great strides towards provid- 
ing the best possible patient care here at 
Coney Island Hospital. 


Our OB/GYN departments are state-of-the- 
art: our coronary care center is considered 
one of the best in the Metropolitan area; 
and our equipment and staff are the best 
we can find. 


As Chief of Anesthesiology, your work will 
be largely academic, with some administra- 
tive duties. You will be adequately sup- 
ported by CRNAs and staff anesthesiolo- 
gists. The high quality and congenial, sup- 
portive staff attitudes, as well as the highly 
diverse patient population, add interest and 
challenge. 


Your salary is excellent (in 6 figures), and 

the superlative fringe benefits include all 

hospitalization, medical and life insurance 

paid, 23 days paid vacation, 12 paid holi- 
| days, and many others. 


if you feel qualified for this outstanding ac- 
ademic opportunity, please contact: 

Mrs. Toby Degen, Administrator of 
Personnel 

Rm. 3E14-AA 
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york 11235 
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CLEVELAND CLINIC FOUNDATION 
| Division of Anesthesiology 


Department of 
Cardio-Thoracic Anesthesiology 


Positions available for “Clinical Fellow” at the Cleve- 
land Clinic Foundation, Department of Cardio-Tho- 
racic Anesthesiology in July, 1983 and January, 1984. 


| 
| 
| The positions are for dedicated anesthesiologists who 
_ have finished residency and desire advanced training 
| in all aspects of anesthesia and monitoring for cardiac 
| and thoracic surgery and cardiac intensive care. The 
patient population is large in number and in the 
| variety of pathology presented. Research facilities are 
| available for interested candidates. The appointments 
| are customarily for one year. Attractive Starting salaries 
| commensurate with previous training. Interviews will 
be arranged at our expense. We are an equal oppor- 
tunity employer. Please send curriculum vitae and 
reference sources to: 


| 

| 

| 

| 

| 

| Department of 

| Cardio-Thoracic Anesthesiology 
| Cleveland Clinic Foundation 
| 9500 Euclid Avenue 

| Cleveland, Ohio 44106 

| 

i 

| 

| 

| 


For further information, call (216) 444-2779, 





Certified Registered 
Nurse Anesthetist 


| 
| 
i 
| 
{ 
| 
i 
| 
| Kern Medical Center, a 230-bed teaching hospital 
| affiliated with the University of California Schools of 
| Medicine at Los Angeles and San Diego is seeking a 
| California Registered or CRNA eligible Nurse Anes- 
| thetist. 

| 

| Excellent opportunity for a progressive individual to 
become a part of a skilled operating room team. 


Call is shared with three CRNAs, Salary $2255-2753 
monthly, $27,060-$33,035 annually. Excellent fringe 
benefits which includes completely paid medical and 
dental insurance. 


if interested, please call (collect) the Department of 
Anesthesia (805) 326-2127, or send resume to: 


Pat Hanrahan, Chief CRNA 
Department of Anesthesia 
Kern Medical Center 

1830 Flower Street 
Bakersfield, California 93305 
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MINNESOTA: 
Anesthesiologist, Board certified or eligi- 
ble, needed in small Minnesota city. Mod- 


ern regional referral hospital. Reply to Box 
11-81-D, c/o LARS. 





ANESTHESIOLOGIST—. 

seeks group or hospital practice. U.S. grad- 
uate, 20 years experience, will relocate. 
Reply to Box 8-82-B, c/o IARS. 


TEXAS— 


Small, attractive Northeast Texas city with 
unusually advanced medical community 
needs another anesthesiologist, Board eli- 
gible or Board certified. Send CV to Box 
8-82-E, c/o LARS. 





OREGON— 


Anesthesiologist at small community hos- 
pital in northern Willamette Valley seeks 
second and possibly third Board certified/ 
qualified anesthesiologist. Practice in- 
‘cludes general and subspecialty surgery, 
some normal obstetrics, some pediatrics. 
No neuro, open heart, major vascular, or 
high-risk obstetrics. Pace is slower than 
larger hospitals in this area; position is 
most suitable for the physician who wishes 
to have time to spend with family or other 
nonmedical interests. Please reply to Box 
8-82-A, c/o LARS. 


PEDIATRIC ANESTHESIOLOGY RESE 
DENCY 


Childrens Hospital of Los Angeles has ad- 
vanced clinical program for residents at 
the second and third year level of training. 
Also accepting applications from practic- 
ing anesthesiologists who wish to update 
their knowledge and proficiency. Positions 
available from 2 months to 1 year. Spe- 
cialized year approved by the AMA. For 
further details contact: 

George B. Lewis, Jr., MD 

Head, Division of Anesthesiology 

Childrens Hospital of Los Angeles 

4650 Sunset Boulevard 

4650 Sunset Boulevard 

Los Angeles, CA 90027 

Phone (213) 662-1708 
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ILLINOIS: 


Immediate openings for Board certified/ 
eligible anesthesiologists—Assistant and 
Associate professors. Research Opportu- 
nities. Applications with Curriculum Vitae 
should be forwarded to: Dr. Donald Ben- 
son, University of Chicago, Department of 
Anesthesiology, 950 E. 59th Street, Chi- 
cago, IL 60637. Phone (312) 947-6128. An 
equal opportunity employer. 





WEST VIRGINIA UNIVERSITY: 


Pain Clinic Fellowship commencing July 
1, 1983 available to applicant with three 
years post graduate training in anesthe- 
siology. Multi-disciplined Pain Clinic, 
seeing approximately 2,500 patients 
yearly, 25% of whom are new patients. 
Clinic based on out-patient model with in- 
house beds available. Regular staff in- 
cludes three anesthesiologists, a phy- 
chiatrist, and two clinical psychologists. 
Ancillary services include physical ther- 
apy, oral surgery and family practice. For 
further information contact Robert Bettin- 
ger, M.D., Director of Pain Clinic, Depart- 
ment of Anesthesiology, West Virginia 
University Medical Center, Morgantown, 
WV 26506. Deadline for applications is 
January 31, 1983. An equal opportunity/ 
affirmative action employer. 


WISCONSIN— 


The Department of Anesthesiology of the 
Medical College of Wisconsin is recruiting 
for faculty for its expanded affiliated hos- 
pitals. All aspects of anesthesia with ex- 
cellent facilities for basic and clinical in- 
vestigations. Board certified/eligible with 
demonstrated interest in clinical teaching. 
Competitive salary and extraordinary 
fringe benefit program. Reply to John P. 
Kampine, M.D., Ph.D., Professor and 
Chairman, Department of Anesthesiology, 
The Medical College of Wisconsin, 8700 
W. Wisconsin Avenue, Milwaukee, WI 
53226. 





ANESTHESIOLOGISTS 

needed, Board certified or eligible in ex- 
panding 650-bed medical center. Excellent 
practice opportunity. Please contact R. P. 
Strader, M.D., Western Anesthesiology, 
P.O. Box 24507, St. Louis, MO 63141. 
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Department of Anesthesiology, Medical 
College of Ohio at Toledo, seeks qualified 
additional faculty at Assistant Professor 
and Associate Professor levels for clinical 
practice, teaching and research involve- 
ment. Adding high-risk obstetrical unit 
late 1983. Interest in regional anesthesia 
and pain management sought. Candidates 
must be ABA certified or eligible and have 
Ohio license. Competitive salary commen- 
surate with background and experience. 
New medical school campus and hospital 
in attractive lake-side community with ex- 
cellent family assets, and recreational op- 
portunities. Please send letter, CV plus 
three references to John T. Martin, M.D., 
Professor and Chairman, Department of 
Anesthesiology, Medical College of Ohio 
at Toledo, CS 10008, Toledo, Ohio 43699. 





ANESTHESIOLOGIST— 

Board certified/eligible: To join four phy- 
sician, private fee-for-service anesthesio]- 
ogy group. Group provides total anesthe- 
sia care in busy modern metropolitan hos- 
pital (300 beds). Excellent salary, fringe, 
continuing education and related profes- 
sional development. Beautiful community 
with excellent schools and education. 
Great opportunity for professional and fi- 
nancial growth in family oriented com- 
munity. Immediate opening but will wait 
for right candidate. Send qualifications to 
Medical Park Anesthesiologists, Inc., 
Medical Park, Wheeling, WV 26003. 


Marshfield Clinic seeks anesthesiologist to 
join 7 M.D.s and 15 CRNAs in providing 
services for multispecialty group of 190 
physicians and 512-bed referral hospital. 
Please send curriculum vitae to Sidney E. 
Johnson, M.D., Marshfield Clinic, Marsh- 
field, WI 54449 or call collect at 715-387- 
5253. 


KENTUCKY— 


Rural, expanding (180 beds) hospital seek- 
ing Board eligible or certified graduate of 
an American Medical School to head de- 
partment. Arrangements negotiable. Send 
C.V. to: Administrator, Highlands Re- 
gional Medical Center, P. O. Box 668, 
Prestonsburg, KY 41653. 











TEXAS— 


Faculty position in active, academic de- 
partment in the Sunbelt. Experience and/ 
or interest in teaching and research. Op- 
portunities to get involved in Pain Center, 
as well as other departmental activities: 
LC.U.; resident and medical student teach- 
ing, etc. Candidates should be eligible for 
licensure in the state of Texas. Contact Dr. 
Gabor Racz, Professor and Chairman, De- 
partment of Anesthesiology, Texas Tech 
University Health Sciences Center, 3601 
4th Street, Lubbock, Texas 79430. 
TTUHSC IS AN EQUAL OPPORTU- 
NITY EMPLOYER. 


Gh ee re 
ANESTHESIOLOGIST: 

Attracive anesthesia opportunities avail- 
able nationwide on a permanent or locum 
tenens basis. Let our health professionals 
find you that special position; with no cost 
to you. Inquiries in confidence to: 
HEALTH MANAGEMENT SERVICES, 
5555 W. Greenbrier Dr., Glendale, AZ 
85308 (602) 978-4676. 


an CG ET 
GENERAL ANESTHESIOLOGIST: 


The Department of Anesthesiology, Uni- 
versity of California, Davis, seeks anesthe- 
siologist. Active anesthesia service and ex- 
cellent clinical research facilities. Lecturer/ 
Assistant Professor commensurate with 
credentials, Candidates should have com- 
pleted at least a 3-year residency and have 
a minimum of one year experience in re- 
search, teaching or clinical care: be Board 
certified or eligible; meet California State 
License qualifications. Women and minor- 
ities are encouraged to apply. Send curric- 
ulum vitae and names of three references 
to Hamilton S. Davis, M.D., University of 
California, Davis, Department of Anesthe- 
siology, Davis, Ca., 95616. The University 
of California is an equal opportunity/af- 
firmative action employer. 

FFD-Open Until Filled. 
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Private practice opportunity with a 12- 
member group. Excess of 15,000 cases per 
year encompassing the full range of Anes- 
thesiology practice. We practice in a 750- 
bed teaching hospital with residents, med- 
ical students, and CRNAs. We are seeking 
a well trained American or Canadian grad- 
uate who is interested in joining our di- 
verse practice, with above average com- 
pensation, in the Midwest Great Lakes 
area. Please reply with C.V. to Box 9-82- 
A, c/o LIARS. 


e A S 
DEPARTMENT OF ANESTHESIOLOGY 


seeking faculty members at all levels. 
Highly competitive income and attractive 
recreational-living area. Opportunity to 
help organize department and function in 
academic environment. Please submit cur- 
riculum vitae to Norman H. Blass, M.D., 
Professor and Head, Department of Anes- 
thesiology, LSU Medical Center, P. O. Box 
33932, Shreveport, LA 71130. AN EQUAL 
OPPORTUNITY EMPLOYER. 


ETS IANA ERR 
PEDIATRIC ANESTHESIOLOGIST: 


The Department of Anesthesiology, Uni- 
versity of California, Davis, seeks pediatric 
anesthesiologist. Active neonatal and pe- 
diatric service and excellent clinical re- 
search facilities. Assist/Assoc Professor 
commensurate with credentials. Candi- 
dates should have completed at least a 3- 
year residency and have a minimum of 
one year experience in research, teaching 
or clinical care including open-heart sur- 
gery; be Board certified or eligible; meet 
California State license qualifications. 
Women and minorities are encouraged to 
apply. Send curriculum vitae and names 
of three references to Hamilton S. Davis, 
M.D., University of California, Davis, De- 
partment of Anesthesiology, Davis, Ca., 
95616. The University of California is an 
equal opportunity/affirmative action em- 
ployer. 

FFD-Open Until Filled. 
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a ak ie ROR NES S a 
ANESTHESIOLOGIST— 

needed immediately in San Francisco Bay 
Area to join all-physician private practice 
group in large private community hospital. 
All types of surgery including open heart, 
OB and out-patient. First year salaried 
with partnership offered thereafter. Good 
insurance and retirement plans and other 
benefits plus liberal vacation time. Must 
be Board certified or eligible and licensed 
in Calif. Reply with curriculum vitae plus 


names for reference to Box 9-82-B, c/o 
LIARS. 


‘SRE A AS ECE OBS IP 


INTENSIVE CARE 
ANESTHESIOLOGIST: 


The Department of Anesthesiology, Uni- 
versity of California, Davis, seeks inten- 
sive care anesthesiologist. Active surgical 
LC.U. service and excellent clinical re- 
search facilities. Assist/Assoc Professor 
commensurate with credentials. Candi- 
dates should have completed at least a 3- 
yr residency and have a minimum of one 
year experience in research, and/or critical 
care; be Board certified or eligible: meet 
California State license qualifications. 
Women and minorities are encouraged to 
apply. Send curriculum vitae and names 
of three references to Hamilton S. Davis, 
M.D., University of California, Davis, De- 
partment of Anesthesiology, Davis, Ca., 
95616. The University of California is an 
equal opportunity/affirmative action em- 
ployer. 

FFD-Open Until Filled 
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Rates for classified advertising: $3.00 per 
line, minimum 5 lines; box number ads 
$3.50 per line. Classified display rates on 
request. Copy deadline 6 weeks prior to 
publication. Do not submit payment with 
order; invoices will be sent for payment 
prior to publication. Ad copy, subject to 
acceptance by publisher, should be mailed 
to: Anesthesia and Analgesia, 3645 War- 
rensville Center Rd., Cleveland, OH 
44122. 
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Now formulated without parabens, Regonol is a 
fast-acting reversal agent with documented 
advantages over neostigmine. It maintains 
greater cardiovascular stability,’ causes fewer 
muscarinic side effects,2 and has up to 33% 
longer action.? A wider margin between the anti- 
curare dose and the neuromuscular blocking 
dose? assures better control of the patient. 








A step forward 
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fo mg/m 


` 





References: 1. Gyermek L: Curr Ther Res 18377-286. 1975. 2. Katz BL Anesthesiology 28:528-534, 1967 


BRIEF SUMMARY- (Please consult full package insert, enclosed in every package. before 
using Regonol) 

INDICATIONS—Pyridostigmine bromide is useful as a reversal agent or antagonist to 
nondepolarizing muscie relaxants. 


CONTRAINDICATIONS— Known hypersensitivity to anticholinesterase agents: intestinal and 
urinary obstructions of mechanical type. 


WARNINGS--Pyridostigmine bromide should be used with particular Caution in patients with 
bronchial asthma or cardiac dysrhythmias. Transient bradycardia may occur and be relieved by 
atropine sulfate. Atropine should also be used with caution in patents with cardiac dysrhyth- 
mias. When large doses of pyridostigmine bromide are administered. as during reversal of 
muscle relaxants, prior or simultaneous injection of atropine sulfate is advisable. Because of the 
possibility of hypersensitivity in an occasional patient, atropine and antishock medication 
should always be readily available. 

When used as an antagonist to nondepolarizing muscle relaxants, adequate recovery of 
voluntary respiration and neuromuscular transmission must be obtained prior to discontinua- 
bon of respiratory assistance and there should be continuous patient observation. Satisfactory 
recovery may be defined by a combination of clinical judgement, respiratory Measurements and 
observation of the effects of peripheral nerve stimulation. if there is any doubt concerning the 
adequacy of recovery from the effects of the nondepoiarizing muscle relaxant, artificial 
ventilation should be continued until all doubt has been removed. 


Use in Pregnancy—The satety of pyridostigmine bromide dunng pregnancy or lactation in 
humans has not been established. Therefore its use in women who are pregnant requires 
weighing the drug's potential benefits against its possible hazards to mother and child. 

ADVERSE REACTIONS—The side effects of pyridostigmine brornide are most commonly 
related to overdosage and generally are of two varieties, muscarinic and nicotinic. Among those 
in the former group are nausea, vomiting, diarrhea, abdominal cramps, increased peristaisis, 
increased salivation, increased bronchial secretions, miosis and diaphoresis. Nicotinic side 
effects are comprised chiefly of muscle cramps, fasciculation and weakness. Muscarinic side 
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effects can usually be counteracted by atropine. As with any compound containing the bromide 
radical, a skin rash may be seen in an occasional patient. Such reactions usually subside 
promptly upon discontinuance of the medication. Thrombophiebitis has been reportec 
subsequeni to intravenous administration. 


DOSAGE AND ADMINISTRATION —When pyridostigmine bromide is given intravenously tc 
reverse the action of muscle relaxant drugs. it is recommended that atropine sulfate (0.6 to 1.2 
mg or glycopyrrolate in equipotent doses be given intravenously immediately prior to © 
simultaneous with its administration. Side effects. notably excessive secretions and bradycar: 
dia are thereby minimized. Reversal dosages range from 0.1-0.25 mg. /kg. Usually 10 or 20mg 
of pyridostigmine bromide will be sufficient for antagonism of the effects of the nondepolarizing 
muscie relaxants. Although full recovery may occur within 15 minutes in most patients, others 
may require a halt hour or more. Satisfactory reversal can be evident by adequate voluntary 
respiration, respiratory measurements and use of a peripheral nerve stimulator device. !t is 
recommended that the patient be weil ventilated and a patent airway maintained until complete 
recovery of normal respiration is assured. Once Satisfactory reversal has been attained, 
recuranzation has not been reported. E 

Failure of pynidostigrnine bromide to provide prompt (within 30 minutes) reversai may OCCU, 
e.g. in the presence of extrerne debilitation, carcinomatosis, or with concomitant use of certain 
broad spectrum antibiotics or anesthetic agents, notably ether Under these circumstances 
ventilation must be supported by artificial means until the patient has resumed control of hig 
respiration. ` 


HOW SUPPLIED—Regonol is availabie in: 
omg. /mi. 2 mi. ampuls—boxes of 25—NDC-0052-0460-02 
5ml. viais—boxes of 25--NDC-0052-0460-05 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 


Organon 


A PART OF “kzona Inc 





COURSE DESCRIPTION: This intensive five-day 
review course will examine in depth the current clinical 
practice of Anesthesiology with emphasis on recent 
advances. The entire field of anesthesiology will be 
covered to provide a comprehensive review to candidates 
for examination and to practitioners who wish to refresh 
their present state of knowledge and clinical practice. 


A new approach to teaching will be utilized and lectures 
will constitute only a limited portion of the course. The 
faculty, in discussing clinical case management will 
review the scientific basis and cite relevant literature. 
Numerous small-group intensive workshops will be heid 
on mastering oral examination techniques. Daily clinical 
management seminars will provide registrants with an 
opportunity to evaluate current practice. 


One-to-one registrant-faculty practice oral examinations 
will be available for a limited number on a first come, 
first served basis. 





_ A Unique Approach to Mastery through the Case Discussion Method 
_ MONDAY-FRIDAY MARCH 21-25, 1983 | 


_MEDIC UAL CENTER 
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TOPICS COVERED: 

Preoperative Evaluation 

Local Anesthetics 

Pediatrics 

Monitoring 

Trauma 

Blood Transfusion and Coagulopathies 

The Cardiovascular System 
Neuroanesthesia 

Neuromuscular Relaxants 

Acid Base Balance and Blood Gas Analysis 
The Respiratory System 

inhalation Agents 

Orthopedics 

Current Concepts in Pain Management and Techniques 
Obstetrics 

Endocrines and Anesthesia 





FEE: $490 
: ACCREDITATION: 40 AMA Category 1 credit hours 3 
a a Oe a ee OD OD OR ORS Sa SS SM SS GNN OARS SO SEND OND OAND OS G GO cD ~ 


Preregistration Form Course # 100 Anesthesiology Comprehensive Review I! Please Print 
Name oo Telephone 


PLCS i ia a i a a a ta i tan ND 
No. & Street City State Zip Code 
INDIVIDUAL PRACTICE ORAL EXAMINATION (Evenings) indicate choice in box below — sessions will be filled 
_in order of receipt. Tues. O Wed. © Thurs. G 
Return with check payable to NYU Post Graduate Medical School to: Registration Department, NYU Post-Graduate 
Medical Schoo}, 550 First Avenue, New York, N.Y. 10016 Telephone: (212) 340-5295 (24 hour selepnene): 
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naloxone HCI 


rapidly reverses respiratory depression 
of narcotic-supplemented anesthesia 


When partial or complete reversal is indicated, NARCAN® will quickly reverse 
narcotic-induced respiratory depression and help restore consciousness. The 
result? Your patient may be out of the recovery room and back in his own room 
sooner. Prompt restoration of the patient’s protective reflexes reduces the risk 
of postanesthetic complications. Moreover, because the dosage of NARCAN 
can be titrated, the analgesic action of the narcotic can usually be preserved. 


Response to NARCAN is usually evident within 2 to 3 minutes following intra- 
venous injection and takes only slightly longer when given intramuscularly. For 
adults, to initially reverse narcotic respiratory depression, NARCAN should be 
administered in increments of 0.1 mg-0.2 mg I.V. at 2- to 3-minute intervals, to 
the desired degree of reversal (i.e., when adequate ventilation and alertness 
are achieved with satisfactory analgesia). It is important to monitor patients 
carefully and give repeated doses as needed since the duration of action of 
some narcotics may exceed that of NARCAN. 


Also available, NARCAN® NEONATAL Injection (naloxone HCI). 


NARCAN is a U.S. registered trademark of Endo Pharmaceuticals, Inc. 
Please see following page for brief summary of prescribing information. 


Endo Pharmaceuticals, Inc. 
MANATI., PUERTO RICO 00707 

SUBSIDIARY OF ENDO LABORATORIES, INC 
SUBSIDIARY OF THE DU PONT COMPANY 


Buef Summary of Prescribing information 


NARCAN'’ 
naloxone HCI 


INDICATIONS NARCAN is indicated for the complete or partial 
raversal of narcoke depression, including respiratory depression, 
duced by opioids including natural and synthetic narcotics, pio 
poxyphene and the narcotic-antagonist anaigesics nalbuphine, 
peniazocine and bulorphanot NARCAN is also indicated for the 
diagnosis of suspected acute opiaid overdosage 
CONTRAINDICATIONS NARCAN is contraindicated in sakents known 
io be hypersensitive to 1 
WARNINGS NARCAN shouid be admunistered coutiqusty fo persons 
INCUENG Newborns of mothers who are knows or suspected lo be 
physically dependent on opioids In such cases an abrupt and 
complete reversal of narcotic effecis may orecipiate an acute 
obsfinence syndrame 

The pahent who has satisfoctonly responded to NARCAN shouid be 
kepi under confinued survestance ond repeated doses af NARCAN 
should be admurustered, as necessary. since the duration of action of 
Same narcotics may exceed that of NARCAN 

NARCAN is nef etective agains! sespyatery depression due to 
non-opipid drugs 
Usage in Pregnancy Sale use of NARCAN dunng pregnancy (other 
than labor) has nol been established Anima! reproduchon studies 
hove not demonshated teratogenic or other embryctanic effects (See 
ANIMAL PHARMACOLOGY AND TOXICOLOGY) However, NARCAN 
Should be administered fo pregnant patients only when. in the 
judgment of ihe physicion, the palenhol benefits outweigh the 
possible hazards 
PRECAUTIONS ir addition to NARCAN, other resuscitative measures 
Such as mamenance ofa fee airway. arhhcail ventiahon, cardiac 
massage, and vasopressor agents should be available and em- 
ployed when necessary fo counteract acute narcotic poisoning 

in an isolated report two patents with pre existing venticulas 
Hplabarty requiring hdecone, and ether soprotesenai or epinephene 
for Hypotension followmg cardiopulmonary bypass procedures, 
developed ventniculat lochycardia oF fibniiahon when gien NARCAN 
iV at 9 and 14 hours, respectively. postoperatively for persistent 
unresponsiveness Although o direct couse and effect relationship 
has not been estobusned, NARCAN should be used wath caution in 
pohienis with cardiac witability 

in fare Cases, reversal of narcohc anesthesia has fesulled in 
pulmonary edema 
ADVERSE REACTIONS Abrupt reversal of narcotic depression may 
resull 10 pauseg vomiting. Swedling. lochycardia, increased blood 
pressure, and lemulousness. in postoperative pahents. excessive 
dosage of NARCAN may resull in significant reversal of onalgesia, 
and excitement, in some cardiac patients, the resultan hypertension 
end Jachycardia may result in lef ventricular faviure and pulmonary 
edema inthe absence of narcotics naloxone is essenhaily devoid ol 
Side etlects 
DOSAGE AND ADMINISTRATION NARCAN (naicxone hydrochio- 
fide} may be administered intravenously, imamuscularly, or subcu 
laneously The most rapid onset of action is achieved by snfravenous 
oeminisiation and iis recommended in emergency situations 

Since the duration of ochan of some narcotics may exceed that of 
NARCAN the patient should be kept under continued surveidiance and 
repeated doses of NARCAN should be administered, as necessary 
USAGE IN ADULTS Narcotic Overdose — Known or Suspected [he 
usual intial adult dose es O 4 mg (1 mi) NARCAN administered | V 
IM or C ihe cesirad degree of counteraction and improvement in 
respiratory funchon is no! obtained immediately idtiowing | V admun 
stration, # may be repeated intravenously at 2 to 3 minute infervats 
Failure to obtain signiicant improvement after 2 of 3 doses suggests 
that fhe candilion moy be due partly ot completely to other disease 
processes or NOR-apiand drugs 
Postoperative Narcotic Depression For the parti! reversal of 
Aacoke depression following the use of narcotics dutmg surgery 
smole doses of NARCAN ore usually sufficient The dose of NARCAN 
Should be tiated according to the pahent’s response For the initial 
reversal of respimtory depression, NARCAN should be injected in 
inciaments of O | to 0 2 mg mtravenously of two to three minute 
intervals to the desired degree of reversai. ie . adequate ventilation 
ONG Gieriness withcul significant pon or discomfort Excessive 
dosage of NARCAN may resull in significant! reversal of andigesia and 
NCragse i blogi pressure Simian. too roped reversal nay induce 
naused, vomiting, sweating of circulatory stress 

Repeat doses of NARCAN may be required within one to two hour 
intervals depending upon the amount type Ge. short or tong aching) 
and ame interval since fast odministralion of narcotic Supplemental 
MzOMUSCUIGE doses Nave been shown to produce a longer lasting 
effect 
USAGE IN CHILDREN Narcotic Overdose~ Known or Suspected 
The usual inital chid dose is O Ol mg:kg body weight given! VEM 
or SC This dose may be repeated in accomance with the oduit 
Bdmum strahon gudebne i necessary NARCAN con be ciluted with 
Sterne waler for mechan 
USAGE IN NEONATES Narcotic-induced depression The usual 
inal dese ts O OF mg: kg body weight administered IV IM or SC 
This dase may be repenied in accordance with adult administration 
qugernes 
HOW SUPPLIED O 4 mg mi of NARCAN" (naloxone hycrochionde) 
for intravenous, infromusculor and subculaneous administratian 
Avauable as follows 
1 mi ompuls in boxes of 10 
i midisposable prefitied synnges 


NDC 0590-0365. 16 


boxes of 10 NDC 0590-364. 15 
paxes of 25 NDC 0590-0368-25 
{Grant wails NOC 0590-036505 


O O2 mg-mi of NARCAN (naloxone hydrochlonded NEONATAL 
INJECTION for ravenous. intramuscular and subcutaneous ad- 
remstation Avauable os 
2 mi Oomouls in boxes of 1G 
6108-2 KS 
NARCANiSa U S registered trademark at Endo Pharmaceuticals, inc 


Endo Pharmaceuticals, Inc. 


MARAT PUERTO NEC OOO 
UBMDIARY OF ENDO LABORATORIES INC 
UESIGIARY CF THE DU PONT COMPANY 


NDC 0590-0367 10 
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THE WORLD’ 
MOST PROTECTIVE 





ANESTHESIA PILLOW 


Neck Depression-lateral 
head support to prevent 
twisting or rolling of 
head and neck 


*Sof-Grp™ 
Convoluted Foam Surface 








*Central 
Groow- 
cradles head 


h 
Elevated Sides- 
promote natural 
curve and neutral 
position of 
cervical spine 


S 
el] x I1 stzť-for 
operating room use 


The ProPillow™ 





How would you design it? 


If you were to design a pillow for a very vulnerable part 
of a patient’s body (head and neck), for use during a 
very vulnerable time in a patient’s life (anesthesia and 
surgery), what would you want in such a pillow? 


You would probably want neck support in the neutral 
(“sniffing”) position, as well as head stabilization to 
prevent twisting to either side. 


An anti-decubitus surface to protect circulation to the 
head or face might also be at the top of your design 
requirements. During prolonged surgery, deliberate 
hypotension, or while treating patients undergoing cardio- 
pulmonary bypass you would want to protect against the 
possibility of ischemia that can result in temporary or 
permanent alopecia. 


You'd also try to make the pillow comfortable, fire- 


retardant, reasonably priced and disposable. 


Such a pillow was designed and patented in 1982. It is 
the new ProPillow created for use ONLY in the Operating 
Room. 


lt is reasonably priced and can be covered with a nurse’s 
bouffant cap for multiple patient use. It provides neck 
support, stabilizes the head, and has a convoluted foam 
surface to protect circulation. AND, it’s available Now! 


Just call TOLL FREE 800/227-0517 outside California. 
Inside California call 415/459-0745. Or write for literature 
and your nearby dealer to: 


The amazing NEW ProPillow 
rom ProfechPacific 


Protective Medical Products 
900 Larkspur Landing Circle 
Larkspur, California 94939 








“Lhe amazing new ProPillow is also available in Standard and 
Intensive Care Sizes for patients suffering from neck pain or 
requiring critical care. 
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Oral and Nasal RAE Tracheal Tubes can 
help resolve the conflict between airway 
management and surgical access needs in 
nasal, opthalmic, facial, T & A, oral and 
maxillofacial surgery. 


The tubes feature a molded preformed curve 
where they emerge from the mouth or 
naris, thus allowing the circuit connection 
to rest securely on the patient's chest (oral) 
or forehead (nasal). 

Because there is no need to reposition the 
circuit connection during surgery, the tubes 
help reduce the danger of kinking and sub- 
sequent injury to the patient. And because 
there are no junctions to disconnect at the 
mouth or nose, the potential problems in “low- 
profile” hose arrangements are eliminated 
Without bulky inconvenient corrugated or 
curved metal connectors, the tubes are 
easier to tape and more likely to stay in place 
For more information about the advantages 
of preformed curved tubes—and free 
samples of the sterile, disposable, Oral or 
Nasal RAE Tracheal Tubes, cuffed or 
uncuffed—write or call NCC 


See package insert prior to use 


FOR MORE INFORMATION 
Call 800-833-8842 and 
ask for Sandy Mcintosh. 


NCC Division 
Mallinckrodt, Inc. 
230 Dix Avenue 


< Mallinckrodt > 
® 


Glens Falls, New York 12801 


Depth marks, preformed curve and tip-to-tip 
radiopaque line aid intubation and positioning 
Curve may be temporarily straightened to allow 
easy passage of suction catheters 

Circuitry lies flat on patients forehead or chest 
exerts less torque than upright or straight tube 
Smooth, bevelled tip helps reduce tracheal 
damage 

Thermosensitive material contorms to airway 
contours, reducing pressure at points of contact 
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taneous Monitor is the first 
of a series of technologi- 
cally advanced critical care 
monitors with features 
such as the Interactive 
Display Panel that pro- 
vides simplified operation 
through 2-way communi- 
cation between you and 
the monitor. 


The Monitor that 


monitors itself. 
Simply enter the limits you 
want for PO; and heater 
power. The Critikon Moni- 
tor, using a microcomputer. 
will maintain a constant 
watch and sound an alarm 


kt will also constantly moni- 
tor sensor temperature, 
time since last calibration, 
and more. The appropriate 
values will be displayed at 
your command. 


Guides you through 
every step for ea. 
accurate setup and 
calibration. 

Ask. and the Critikon —__ 
Monitor will display a step- 
by-step procedure, No 


need to memorize setup 
or calibration procedures. 


Remote Sensor Unit 
maximizes bedside 
space. 


When space is ata pre- 
mium., the Critikon Monitor 
may be put in a more con- 
venient place —up to 12 ft. 
from the patient while the 
small, detachable Remote 
Sensor Unit remains at 
bedside. It keeps the con- 
trol at your fingertips. 


Multiple monitoring 
capability. 

The Critikon Transcutane- 
ous Monitor is currently 
available in two models: 
Model 8000 -- Monitors 


tcPO2 in a single patient. 
Model 8010 — Monitors 


tcPO: at two sites or on two. 


patients at the same time. 


Microcomputer 

lets you keep pace 
with advancing 
technology. 

With the Critikon keyboard 
access system, changes in 
the software program can 
be made efficiently. For 


tion can be added to your 
Critikon tcPOs Monitor 
with ease when available 
after FDA approval. 


To get the complete story and a 
demonstration of this unique 
new product, write to the 
Marketing Communications 
Dept. of Critikon, Inc. at the 
address below. Or, better yet, 
phone toll-free 


800-237-7 


(FL: 800-282-9151 }. 


Please see next page for 
brief summary. 
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The Critical Care Company 


LHO N. Westshore Bivd. 
Tampa, FL 33607 





BRIEF SUMMARY: 
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The Department of Anesthesiology 
and The Page and William Black 
Post-Graduate School of Medicine 
of the 
Mount Sinai School of Medicine (CUNY) 
announce 
THE 
20TH BERNARD H. ELIASBERG 
MEMORIAL SYMPOSIUM 
Intravenous 
Anesthesia— 
Current Status 
Saturday, December 4, 1982 | 
- EA pi The Mount Sinai Medical Center | 
Cr itikon New York, New York 
Transcutaneous This program is supported by an | 
* educational grant from Janssen Pharmaceutica. 
Gas Monitor faced n 
i For information and application: 
Indications: l ia 
intended for use in transcutaneous Director, The Page and William Black 
blood gas monitoring. Post-Graduate School of Medicine 
Mount Sinai School of Medicine 
Contraindications: One Gustave L. Levy Place 
This device is not designed, sold, New York, N.Y. 10029 
or intended for use except as | Telephone (212) 650-6737 
indicated, | | 


Limitations to patient selection: 
Patients exhibiting severe edema 
or dermatitis may be inappropriate 
candidates for transcutaneous 
monitoring. Peripheral vascular 
shutdown such as that associated 
with deep shock may affect the 
displayed tcPO:z readings. Trend 
data, however, may prove valuable 
in its recognition and manage- 
ment. 


Warnings: 

Exercise caution when interpret- 
ing readings of patient receiving 
gas anesthesia. Must not be 
used in presence of flammable 
anesthetics. 


Cautions: 

Do not apply sensor to previously 
used site if site exhibits effects 

of monitoring such as redness or 
inflammation. Use of external heat 
sources such as radiant heaters 


MEDICAL ARTS BUREAU, 
INC. 


The Doctor’s Ideal Business Management System 


® Accounts Receivable Contro! 
® All Billing, Claim Forms, Statements Prepared 
e Personal Bookkeeping Service 


e Computerized Reports 


For a Management System Analysis, 
Call Mr. Jerry KADISH 
Tel. (201) 656-1400 (Catt Correct) 


Lec ahignis at 


may affect sensor temperature, 
power usage, and consequently 
tcPO, values. Exercise caution 
when interpreting readings of 
patient exposed to external heat 
sources. Federal law restricts this 
device to sale by or on the order 
of a physician. 


( CRITIKON | 


The Critical Care Company 
1410 N. Westshore Bivd.. Tampa, FL 336C7 
800-237-7541 (FL: 800-282-9151} 
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924 Bergen Avenue 
Jersey City, NE 07306 
Phone (201) 656-1400 


45 Bayard Street 


New Brunswick, NI GAGS 


Phone (221) 246-1540 


1055. Loudoun Street 
Winchester, VA 22601 
Phone (703) 662-0700 


Torresdale Station 
Box 16026 

Phila. Pa., 19074 
Phone: (800) 3526-6000 


30 Ridgefield Ave 
Suite 468 

Bridgeport, Ct. 06640 
Phone: (203) 336-200 


36 first Avenue 
Denville, NI OPB34 
Phone (201) 625-1995 


BD Morris Avenue 
spangheld, NE OFORI 
Phone (201) 379-7737 


5401 Westband Ave 
hune 104 

Rethesda, MO 20818 
Phone, (307) 565-3008 





Ideal During Head and Neck Surgery 
All Silicone 
Wire Re-enforced 
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Easily Sterilized By Steam Autoclave 


Choice Of: 

Cuff Design 

Murphy or Magill 
Inflation Plug or Valve 


BIVONA SURGICAL INC. 


7933 NEW JERSEY AVE. 
4AMMOND, IN. 46323 
219-989-9150 

LEX 27-610 





As part of the preoperative evaluatio 


PAUSE TO CONSIDE 
THEN PROCEED WIT 





HE RECORD, __ 
PAVULON risca reinan 


pancuronium bromide injection) 


Pavulon was introduced into the United States after four years 
of documented success in Europe. 


Now, after more than a decade, the Pavulon record of superior 
performance, efficacy and safety continues. 


Pavulon has been used successfully in a wide variety of surgical 
procedures involving all patient types—from the neonate to the 
elderly—from the poor risk patient to the good risk patient. ane eel. 


tion, Pavulon has proved a valuable adjunct in the management 
of mechanically ventilated patients in intensive care units. 


A Record of Success 


PAVULON 


(oancuronium bromide injection) 


Please see next page tor brief summary of prescribing intormation. 


Organon Pharmaceuticals 
A Division of Organon Inc 
West Orange, N.J. 07052 
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BRIEF SUMMARY 
(Please consult package insert for full prescribing information.) 


THIS DRUG SHOULD ONLY BE ADMINISTERED BY 
ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH ITS 
ACTIONS, CHARACTERISTICS, AND HAZARDS. 


ACTIONS: Pavulon is a non-depolarizing neuromuscular block- 
ing agent possessing all of the characteristic pharmacological 
actions of this class of drugs (curariform) on the myoneural 
junction. 

Pavulon (pancuronium bromide) is antagonized by acetylcho- 
line, anticholinesterases, and potassium ion. Its action is 
increased by inhalational anesthetics such as halothane, diethyl 
ether, enflurane and methoxyflurane, as well as quinine, magne- 
sium salts, hypokalemia, some carcinomas, and certain antibiot- 
ics such as neomycin, streptomycin, clindamycin, kanamycin, 
gentamicin and bacitracin. The action of Pavulon may be altered 
by dehydration, electrolyte imbalance, acid-base imbalance, 
renal disease, and concomitant administration of other neuro- 
muscular agents. 


CONTRAINDICATIONS: Pavulon is contraindicated in patients 
known to be hypersensitive to the drug or to the bromide ion. 


WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CARE- 
FULLY ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION 
OF EXPERIENCED CLINICIANS, WHO ARE FAMILIAR WITH ITS 
ACTIONS AND THE POSSIBLE COMPLICATIONS THAT MIGHT 
OCCUR FOLLOWING ITS USE. THE DRUG SHOULD NOT BE 
ADMINISTERED UNLESS FACILITIES FOR INTUBATION, ARTI- 
FICIAL RESPIRATION, OXYGEN THERAPY, AND REVERSAL 
AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN 
MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION. 

In patients who are known to have myasthenia gravis small 
doses of Pavulon may have profound effects. A peripheral nerve 
stimulator is especially valuable in assessing the effects of 
Pavulon in such patients. 
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USAGE IN PREGNANCY: The safe use of pancuronium bromide 
has not been established with respect to the possible adverse 
effects upon fetal development. Therefore, it should not be used 
in women of childbearing potential and particularly during early 
pregnancy unless in the judgment of the physician the potential 
benefits outweigh the unknown hazards. 

Pavulon may be used in operative obstetrics (Cesarean sec- 
tion), but reversal of pancuronium may be unsatisfactory in 
patients receiving magnesium sulfate for toxemia of pregnancy, 
because magnesium salts enhance neuromuscular blockade. 
Dosage should usually be reduced, as indicated, in such cases. 


PRECAUTIONS: Although Pavulon has been used successfully 
in many patients with pre-existing pulmonary, hepatic, or renal 
disease, caution should be exercised in these situations. This is 
particularly true of renal disease since a major portion of admin- 
istered Pavulon is excreted unchanged in the urine. 


ADVERSE REACTIONS: Neuromuscular: the most frequently 
noted adverse reactions consist primarily of an extension of the 
drug's pharmacological actions beyond the time period needed 
for surgery and anesthesia. This may vary from skeletal muscle 
weakness to profound and prolonged skeletal muscle relaxation 
resulting in respiratory insufficiency or apnea. Inadequate rever- 
sal of the neuromuscular blockade by anticholinesterase agents 
has also been observed with Pavulon (pancuronium bromide) as 
with all curariform drugs. These adverse reactions are managed 
by manual or mechanical ventilation until recovery is judged 
adequate. 

Cardiovascular: A slight increase in pulse rate is frequently 
noted. 

Gastrointestinal: Salivation is sometimes noted during very 
light anesthesia, especially if no anticholinergic premedication is 
used. 

Skin: An occasional transient rash is noted accompanying the 
use of Pavulon. 

Respiratory: One case of wheezing, responding to deepening 
of the inhalational anesthetic, has been reported. 


DRUG INTERACTION: The intensity of blockade and duration of 
action of Pavulon is increased in patients receiving potent vola- 
tile inhalational anesthetics such as halothane, diethy! ether, 
enflurane and methoxyflurane. 

Prior administration of succinylcholine, such as that used for 
endotracheal intubation, enhances the relaxant effect of Pavulon 
and the duration of action. If succinylcholine is used before 
Pavulon, the administration of Pavulon should be delayed until 
the succinylcholine shows signs of wearing off. 

DOSAGE AND ADMINISTRATION: Pavulon should be adminis- 
tered only by or under the supervision of experienced clinicians. 
DOSAGE MUST BE INDIVIDUALIZED IN EACH CASE. See pack- 
age insert for suggested dosages. 

CAUTION: Federal law prohibits dispensing without prescription. 
HOW SUPPLIED: 

2 ml. ampuls—2 mg./ml.—boxes of 25, NDC + 0052-0444-26 

5S ml. ampuls—2 mg./ml.—boxes of 25, NDC + 0052-0444-25 

10 ml. vials—1 mg./ml.—boxes of 25, NDC + 0052-0443-25 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 


A PART OF Akzona INC 


Selective unilateral pulmonary venti- 

Bation through a double-lumen endo- 
ronchial tube provides good surgical 
ccess and an immobile lung’ 


n addition to providing an improved field, double-lumen tubes 
ermit complete isolation of the diseased lung to help protect 
against the spill of suppuration and hemorrhage into the healthy 
ung when unilateral pulmonary infection or hemorrhagic 
esion is involved. 
Because one lung is immobile, a quieter surgical field is 
resented and trauma to lung tissue from excessive 
etraction is reduced.? 
At one time, there was some concern about unrecog- 
ized hypoxemia during thoracotomy with ventilation of 
st one lung, but numerous studies indicate that this 
ear is largely unjustified in most cases.? 
For more information about the advantages of 
ouble-Ilumen tubes—and a demonstration of the 
eft and right mainstem Broncho-Cath Endobron- 


shial Tubes— write or call NCC. 
see package insert prior to use. 


=OR MORE INFORMATION 
valli 800-833-8842 and 
wsk for Sandy Mcintosh. 


"WCC Division 
_ Ellie (cere | am Inc. 
230 Dix Avenue 
alens Falls, New York 12801 


Right and left mainstem 
models now available. 

Swivel connectors permit 360 
rotation for maximum flexibili 
in set-up. 

High volume, low pressure 
cuffs help minimize tracheal 
trauma. 


ÉE FERENCES: Suction ports in connectors 


Capan. LM, Turndorf, J, Patel, C, Ramanathan, S | j permit suctioning without 
Acinapura, A and Chanion, J, Anesth. Analg FE i n ing Circui 
59:847-851, 1980 F i | disco inecti g circuit. 
?. Fiser, WP, Friday, CD and Read, RC, J Thorac. T | Supplied with stylet, suction 
2 


Cardiovasc. Surg., 83:532-531, 198 catneters and connectors. 
For single-patient use. 





Thermaler onitoring Thermometers 


+ DIGITAL DISPLAY 
Gives ‘early warning’ of 
temperature changes. 


e HIGH STABILITY 
Permanent calibration like a 
glass thermometer. 


© SAFETY 
Low voltage battery operation. 


e BATTERY LIFE: 
10 MONTHS DAILY USE 
No battery re-charging, ever. 


PREMIUM MODEL TH-6 only 


o TEMPERATURE RANGE COVERS 
HYPOTHERMIA AND 
HYPERTHERMIA 


Model TH-6 Premium Monitor Thermometer with column clamp THICC-1 


Thermalert thermometers are intended for continuous clinical types, needle probes and micro-probes. They also 
temperature monitoring in the OR and for use in spe- ` accept new disposable temperature-sensing stethoscope 
cialized techniques such as hypothermic surgery. Therm- catheters such as those made by National Catheter Co. 
alerts are as easy to use as glass thermometers, and much gir dindtal Ai = ; an 
easier to read. They can indicate a patient's temperature in Th on digital display eran’ resmng oe wha we 
| i SA f a APN EY provides early warning of a temperature change, since a 
oka we eae which l ee pii pep aino TOF movement of 1/10th degree is immediately noticed. Therm- 
apie Screening of large groups such as Diooa donors. _ alerts are the most advanced monitor thermometers so far 
These thermometers use Bailey type T interchangeable devised. 
probes and sensors including our ‘patient confortable’ 


Model TH-6 on Adjustable Stand TTS- 


SPECIFICATIONS TH-5 TH-6 


Temperature Range: .................. 25-45°C 0-50°C 
0.1°C 
0.1°C +1 digit 0.1°C +1 digit 
Conforms to National Bureau of 
Standards tables, Monograph 125 
ROAGOUl toto ductus iat ore 1/2" liquid crystal 1” liquid crystal 
Battery Life... aaa aaa aa. 700 hours continuous 1500 hours continuous 


Use with Bailey Type T probes and microprobes (42 to choose from) 
SAFETY FEATURES 


Test of Display:................. Automatic 
Automatic 2-stage warning 
Automatic Warning 
High-insulating plastic 
Safety Standards: ........... ... Conforms to: NFPA #56A, inhalation Anesthetics UL #544, 1972 
ANSI/AAMI Safe Current Limits for Electronic Apparatus 


For further information call | a 
(201) 845-7252, Ext. 12 or write i | y 
INC | 


515 Victor St., Dept. AA, Saddle Brook, NJ 07662 INSTRUMENTS 
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For one of 
medicines most 
demanding skills... 
one of medicine's 
most dependable 
agents 
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enflurane 


precise control ...stability of heart rhythm... 
reduced relaxant requirement... prompt, smooth recovery 
...Organ toxicity rare or nonexistent 


Ethrane TORES 


UNid Medical Anesthetics 


For complete use information, please see following page. 








Hthrane’ enflurane 


CAUTION Federal Liw Prohibits Depensing without a Paecnpton. 
DESCRIPTION 


Bede bb -chiore-1, Lkr ikma athar (CHFQOCFOCHFCS s a norderenebts rheinkcr 
baing point a 565°C at 780 mm Hg. and the vepar prosecee (awn Ho) a 175 at 20°C, 
repie erpe Veger llc Sen bad ii forea baga equator: 


bg = AtBT A 7.967 

B ~ —16784 ; 

T æ “O + 2716 (Kabin 
The specto gremty (25°25 ChHs 1.517. The refractive index af 20°C a LIRS ILION. Tre bioodigas coeficiers 
a 191e I7*C anc the aign coelkiet is B3 at VC 
Enfurane n a cheat, colores, caie quid whose purty exceeds 96 9 pacent (arsa % by gas chromakogreptyy) 
No etubakzers ere acad as thosa heve been found, fieugh controlled laboratory bests, to be unnecessary sven 
in the presence of ufrestols: kohi. Erdiurane is stable bo tong bese and does not decompose in contaci with 
poda kme and dopa not maci wih eluninum, tn, bras, iron or copper. The perifion coaticnta of enfurara at 
25°C are 74 in Conductee rubber and 120 in pobyvinyt chloride 


CLINICAL PHARMACOLOGY 


ETHRANE fendiurane) ls an irmekehon anesthetic, The MAC (minimum seoir concentraiian) in men a 1.88 percert 
in pure oxygen, 057 in 70 parcent nitrous code-—-30 parent oxygen, and 1.17 in 30 paca nitrous osace-~70) 
percent 


oxygen. 
BAONE EN E E O a e E EE eee Enticane 


wath dioiii ether. 

There is a decrease in blood wh induction of anesthesia, jolovrad by a reun tO nes nanma wih 

shrauiation. Progress-ve in depth of enevthesia incresess n hypotension 

Heart rate amane retisk Consters wixa tenya monang of recordings 
indicate thet cerdac rhyfm rereana pabis. Geveion of the carbon doris in arterial blood does not ster 
cardiac thythm. 

Stuckes in men inckcete a consceraihe magn of eedety in the eciranéraeton of epinephrine 
dumo enducans anesthesia aneathenia hes been used In excision of in man witt 
vertacuiir On tha basis of suchas in paberis anesthetred wih enfurane and injx:ted with epinepiwire 


mey be veed wih enfurans 

Arpigetc doans of erfusane, up to spproricaiely | percent, do nol deprese the rate or force of 
utesing contraction during labor and delivery. A slowing of fhe sate of @ Contraction and a caminubon of the 
foe of uterine contagion is noket betereen the eacirontetrebon of 1 and 2 percent deare enducane, concentrations 


spproirnabaly 
veth the use of a local aneainsbc technique (40 mi vereun 20 mi} 
INDICATIONS AND USAGE 


WARNINGS 


volunisers following seizure acthaty show no evdence of cerebral hypoxia. Mental functon tesing 
Coes not reveal any wmpainnent of perfomance prolonged enturame eeeociaied wilh or not 
eqeocinied wih secrure 


PRECAUTIONS 


The echon of nondepolanzing nelents ia augmented by ETHRANE (endiurane) Lees than tha usuel amounin of 
theme drugs shoud be usec. E the usuel anoourrts of Caer ies 


Sades ICR rece were enéurere O determine whether such exposure mot nciuce eapite. Endurarne 
va geen st w, 4, and MAC fox Sour ruio expoeures and for 34 exposures O the pup? during the frei 
rane wenks of bie, The mice were kind zi 15 months of age. The incklence of tumors in these mune was Ibe 
SATa AI in urkeated consol mice who were given the same gases, bui not the anesthetc. 

Exposure of mite io 20 hours of 1.2 percent erfiurene oauese a enal (about Y of 1%) but staietiondy monine 
jnrorease in apem sbnornekbes leg py hoa eon ect Mig ge 
pi a aa a ch cal al aaa 


* Romney Catagory a 

Reproduce: heve been performed in rete and rabbit: al doses up ic four tenes fhe humen dote ad 
herve revesied no evidence of irere fertty or harm to the teius cue fo anduwane There ase, however, no 
adequate and well conoied stuches in prognani women. Beceuse anire) reproducton etuches are not slweys 
prodmctre of humen eesponee, thie dig should be used Guning pregrurny Only f cleurh needed. 


ADVERSE REACTIONS 


} typerhanrsa 
2 Motor emempeied by movements of verious muache groupe andor Bequres may De encountered wih 


In the event of cverdpeage, the acbon should be taken 
Stop drug acrninastrabon, estatisti A may aod koaia asertied or controled vantinton wrih pure cayyen. 
DOSAGE AND ADMINISTRATION 


The concantraton of ETHRANE tenfurane} beng debversd from = vapanzer during anostheea shouk! be known. 
Ths may be accompkshed by using: 


a) veponzears for erfurane, 
b) vaporizers from which hows can endiy ond peachy be caknleted 
Preanesthetk; Medication: meckoion ¢houid be selected! ancording 1 the need of fhe scicca 


Preeraethetec 
P E O eae ree ee E eee ee ee ee ee 
rete. The 


tame of enbchoknergic duge m a mates of choices 
Surgical Anwethesio: inducton mey be achieved umo anhuzane alone vath oxygen of m Comtanabon with 


unconeciouaness, lollowed 
we bene Tene DCE en repre Erari E EDA E Ree ore ee ere eee 
17-10 mites. 
Surpa levels. of anesthesia may be mantained wih 05-3 pesoent enfiurans. Meinkenance concerirasons 
shouki not emcaed 3 percent. H accadi selexeton « required, doses of muects relaxants nay be 
ued Yeniiemor io manitih the teneon of carbon cuoche in blood in the 35-46 mm Ng range ie preferred. 


OGY sae 
Cesarean Sector: Enkurs shoud crdinenty be sdrinisiered in the concenimaaon range 0 0 6 to 1.0 percent 
to supplemant otter General anmethedice See alec the wiormetion on the effects of enflurina on utenne cordrachon 
contained in the CUNICAL PHARMACOLOGY section 


HOW SUPPLIED 


ETHRANE (endures) 3 packaged in 125 and 250 mi aenber-colocad bottes. 


Etro E 


ORIO Medical Anesthetics 


A Drvrsion of Arco. Inc 
2005 West Beltine Highway, Madison, Wisconsin $3713 
608-221-1551 TELEX 910-288-2792 





Gas in the O.R. is dangerous to you 


During intubation, up to 40 liters of gas es- 
capes into the O.R. This gas is a suspected 
etiology of liver and kidney disease, 
genetic defects, spontaneous abortion, and 
neurological disorders. AneSTOP prevents 
exposure to this hazard. 


AneSTOP® is an inexpensive, disposable 
check valve that replaces the 90° elbow on 
the anesthetic delivery tube. When Ane- 
STOP® is disconnected from the mask or 
endotracheal tube, the flow of gas immedi- 
ately ceases. Gas flow instantly resumes 
when either fitting is reattached. Ane- 


STOP® is compatible with most anesthetic 
machines and does not require any atten- 
tion on the part of the anesthesiologist. 


Air monitoring systems can only alert you 
to hazardous levels of gas. High volume 
ventilation systems can’t prevent gas con- 
centrations at the level of the table. Only 
AneSTOP® completely eliminates the 
problem at its source. Call (800) 233-5400 
for more information or to arrange a dem- 
onstration of how AneSTOP® can prevent 
the dangers of long term gas exposure. 


Protect yourself with AneSTOP® 


HealthMate -7 YOUR SOURCE FOR MEDICAL TECHNOLOGY 


HealthMate, Inc. 3000 Dundee Road Northbrook, IL 60062 


(800) 233-5400 In Illinois (312) 564-5400 


Super 
Safety Clear 


RUSCH’ Features 
Clear Tracheal Tubes 
with Nasoral Tip 


Nasoral tip with 
inserted catheter 


The newly developed, gently cupped 
nasoral tip allows for better patient 
care intubation, oral and nasal. 

It prevents accumulation of mucus 
and damage to the tracheal wall. 
During patient ventilation, turbulence ` 
is reduced. 

The imbedded radiopaque indicator 
is continuous from proximal 

to distal tip, facilitating accurate 
placement of the tube. 


The inner lumen configuration, 
at the tip, allows to easily pass 
a suction catheter. 

The clear, see through material 
composition, enables visualized 
detection of misting, 

aiding ventilation monitoring. 
The cuff is dependably sealed 
with a one-way valve, which 
accepts a Luer Lok as well as 
a Luer Slip syringe. 


RUSCH 


53 West 23rd Street 
New York, N.Y. 10010 
Phone (212) 675-5556 


2000 Ellesmere Rd. Scarboroug 
Ontario M1H2W4 (416) 438-6317 





Announcing a 
new anesthetic concept 


- that provides 
maximum protection 
prior to 
maximum stress 


AN SSSN 
me} PHARMACEUTICA 





Introducing a | 
new anesthetic technique: 


This new technique—pre-intubation analgesic loading— 
involves administering enough SU BLI MAZE! (fentanyl) 
prior to intubation to last generally the length of the 
procedure. Pre- intubation. upfront loading employs the 
pharmacokinetic properties of SUBLI MAZE’ (fentanyl) to 
best advantage compared with p.r.n. use or administration 
of the drug incrementally throughout the procedure. 





For further information and general guidelines on pre-intubation analgesic loading with SUBLIMAZE. (fentanyl). 
please contact vour Janssen representativ e or write Janssen Pharmaceutica. 


ml JANSSEN 


PHARMACEUTICA 





Janssen Pharmaceutica Inc. 1982 


Pre-intubation analgesic 
loading with 


Sublimaze 


fentanyl) Injection € 





1. Provides maximum 20 
Pharmacokinetics of a single LV. dose 


P rotection just p ae to of 6.4 ug/kg fentanyl base in man’ 
anesthetic and surgical stress Ee e 


Upfront loading immediately before 
intubation puts the maximum amount of 
SUBLIMAZE (fentanyl) on board just 6 
prior to laryngoscopy, intubation and 
incision, the stimuli responsible for maximum 
stress. (SUBLIMAZE helps attenuate rises 

in blood pressure and pulse rate.) 


2. Eliminates 
| ‘ ‘a 

aà ‘chasing the patient 
This new technique helps prevent sympathetic 
breakthrough and all the problems that stem 
from “chasing the patient” 







ng/ml of Plasma 


in 
i 
l 
P 


3. Permits most patients 
to breathe spontaneously 
at completion of surgery * 


4. Reduces need for eres pin AAEN 
. . Slightly depressed spontaneous respiration below 1.5 ng/ml; normal 
postoperative narcotics respiration below 0.7ng/ml. 


*Note: Respiratory depression may last longer than analgesic action 
and this risk increases with increasing doses. 


0 | 2 3 4 5 6 7 8 
Hours after injection 


Postoperatively, residual plasma and tissue 
levels provide sufficient analgesia to minimize 
the need for additional narcotics. 


. McClain DA and Hug CC, Jr.: Intravenous fentanyl kinetics. Clin 
Pharmacol Ther 28( 1): 106-114, 1980. 





Please see brief summary 
a of Prescribing Information 
Available in easy-to-use 10 ml ampoules ~ On next page. 


Sublimaze’ 
(fentanyl) Injection € 


Protect from light, Store at room temperature. 


Before prescribing. please consuit compiete prescribing information, of waich the following is a bref summary 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 

DESCRIPTION 

Each mi. contains: 

Fentanyl 0, eR EREET ee 
Warning: May be habit forming. 

Sodium hydroxide for adjustment at pH to 4.0-7.5. 


. ..... $0 meg. (0.05 mg.) as the citrate 


CONTRAINDICATIONS 
SUBLIMAZE (fentany!) is contraindicated in patients with known intolerance to the drug. 


WARNINGS 
AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE RECEIVED SUBLIMAZE (fentany!} SHOULD HAVE 
APPROPRIATE SURVEILLANCE. 


RESUSCITATION EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE READILY AVAILABLE TO MANAGE APNEA. 
See aisa discussion of narcotic antagonists in Precautions and Overdosage. 

if SUBLIMAZE (fentany!) is administered with a tranquilizer such as INAPSIAE (droperidol), the user should familiarize 
himself with the special properties of each drug, particularly the widely differing duration of action. In addition. when 
such a combination is used, ffuids and other countermeasures to manage hypotension should be available 

As with other potent narcotics. the respiratory depressant effect of SUBLIMAZE (fentanyl) may persist longer than the 
measured analgesic effect. The total dose of alt narcotic analgesics administered should be considered by the 
practitioner before ordering narcotic analgesics during recovery fram anesihesia. it is recommended that narcotics, 
when required, shouid be used in reduced doses initially, as low as V4 to V3 those usually recommended. SUBLIMAZE 
{fentanyl} may cause muscis rigidity, particularly invoiving the muscies of respiration. The effect :s related to the speed 
of injection and its incidence can be reduced by the use of slow intravenous injection. Once the effect occurs, it is 
managed by the use of assisted or controlled respiration and, if necessary, by a neuromuscular blocking agent 
compatibie with the patient's condition. Where moderate or high doses are used (above 10 mcg. /kg.}, there must be 
adequate facilities for postoperative observation, and ventilation if necessary, of patients who have received 
SUBLIMAZE (fentanyl). It is essential that these facilities be fully equipped to handie ali degrees of respiratory 
depression, 

Drug Dependence-—SUBLIMAZE (fentany!) can produce drug dependence of the morphine type and. therefore, has 
the potential for being abused. 

Severe and unpredictable potentiation by MAO inhibitors has been reported with narcotic anaigesics. Since the safety 
of fentany! in this regard has not been established, the use of SUBLIMAZE {fentanyl} in patients who have received MAQ 
inhibitors within 14 days is not recommended. 

Head injuries and increased intracranial Pressure SUBLIMAZE (fentany } should be used with caution in patients 
who may be particularly susceptible to respiratory depression, such as comatose patients who may have a head injury 
or brain tumor. In addition SUBLIMAZE (fentanyl) may obscure the clinical course of patients with head injury. 
Usage in Children The safety of SUBLIMAZE {fentanyl} in children younger than two years of age has not been 
established. 


Usage in Pregnancy— The safe use of SUBLIMAZE (fentanyl) has not been established with respect to possible 
adverse effects upon fetal development. Therefore, it should be used in wormen of childbearing potential only when, in 
the judgment of the physician, “he potential benefits outweigh the possible hazards. There are insufficient data 
regarding placental transfer and tetai effects: therefore. safety for the infart in obstetrics has not been established. 


PRECAUTIONS 

The initial dase of SUBLIMAZE (fentanyl) should be appropriately reduced in elderly and debilitated patients. The effect 
of the initial dose should be considered in determining incremental doses. N.trous oxide has been reported to produce 
cardiovascular depression when given with higher doses of fentanyl. 

Certain forms of conduction anesthesia, such as spinal anesthesia anc some peridural anesthetics, can alter 
respiration by blocking intercostal nerves. Through other mechanisms SUELIMAZE (fentanyl) can also alter respira- 
tion. Therefore, when SUBLIMAZE {fentanyl} is used fo supplement these farms of anesthesia. the anesthetist should 
be familiar with the physiological alterations involved, and be prepared to nanage them in the patients selected for 
these forms of anesthesia. 

When used with a tranquilizer such as INAPSINE (droperidol), blood pressure may be altered and hypotension can 
occur. 


Vital signs should be monitored ‘outinely. 

SUBLIMAZE {fentany!) should be used with caution in patients with chronic obstructive pulmonary disease, patients 
with decreased respiratory reserve, and others with potentially compromised respiration. in such patients, narcotics 
may additionally decrease respiratory drive and increase airway resistance. Curing anesthesia, this can be managed by 
assisted or controlled respiration Respiratory depression caused by narcoBc anaigesics can be reversed by narcotic 
antagonists. Appropriate surveillance shouid be riaintained because the duration of respiratory depression of doses of 
tentanyi employed during anesthesia may be longer than the duration of the narcotic antagonist action. Consult 
individual prescribing information (levaliorphan, nalorphine and naloxone) before employing narcotic antagonists. 
When a tranquilizer such as INAPSINE (droperidol) is used with SUBLIMAZE (fentanyl) pulmonary arterial pressure 
may be decreased. This fact should be considered by those who conduct diagnostic and surgical procedures where 
interpretation of pulmonary arterial pressure measurements might determine final management of the patient. When 
high dose or anesthetic dosages of SUBLIMAZE (fentany!} are employed, even relatively small dosages of diazepam 
may cause cardiovascular depression. 

Other CNS depressant drugs (e.g barbiturates, tranquilizers. narcotics, anc general anesthetics} wiit have additive or 
potentiating effects with SUBLIMAZE (fentany!). When patients have received such drugs, the dose of SUBLIMAZE 
{fentany!} required wii be less than usual. Likewise, following the administration of SUBLIMAZE {fentanyl}, the dose of 
other CNS depressant drugs sho sid be reduced. 

SUBLIMAZE (fentany!) should be administered with caution to patients with liver and kidney dystunction because of the 
importance of these organs in tha metabolism and excretion of drugs. 

SUBLIMAZE (fentany!} may produce bradycardia, which may be treated with atropine; however, SUBLIMAZE (fentany!) 
shouid be used with caution in patients with cardiac bradyarrhythmias. 

When SUBLIMAZE (fentanyl) is used with a tranquilizer such as INAPSINE (droperidol) hypotension can occur If this 
occurs, the possibility of hypovelemia should also be considered and managed with appropriate parenteral fluid 
therapy. Repositioning the patient to improve venous return to the heart should be considered when operative 
conditions permit. Care shouid 3e exercised in moving and positioning of patients because of fhe possibility of 
orthostatic hypotension. H volume expansion with fluids plus other countermeasures do not correct hypotension, the 
administration of pressor agents other than epinephrine should be considered. Because of the aipha-adrenergic 
blocking action of INAPSINE {droperidol}, epinephrine may paradoxically decrease the blood pressure m patients 
treated with INAPSINE droperidol). 

When /NAPSINE (droperidol) is used with SUBLIMAZE {fentanyl} and the EEG is used for postoperative monitoring, it 
may be found that the EEG pattern returns to normal slowly. 


ADVERSE REACTIONS 

As with other narcotic analgesics, the most common serious adverse react ons reported to occur with SUBLIMAZE 
(fentanyl) are respiratory depression, apnea, muscular rigidity, and bradycardia: if these remain untreated, respiratory 
arrest, circulatory depression or cardiac arrest could occur. Other adverse reactions that have been reported are 
hypotensian, dizziness, blurred wsion, nausea, emesis, jaryngospasin. and diaphoresis. 

it has been reported that.secondary rebound respiratory depression may occasionally occur postoperatively. Patients 
should be monitored for this possibility and appropriate countermeasures taken as necessary. 

When a tranquifizer such as INAPCINE (droperidol) is used with SUBLIMAZE (fentanyi), the following adverse reactions 
can occur chilis and/or shivering. restlessness. and postoperative hallucinatory episodes (sometimes associated with 
transient periods of mental depression), extrapyramidal symptoms (dyston a, akathisia, and oculogync crisis) have 
been observed up to 24 hours postoperatively When they occur, extrapyrarudal symptoms can usually be controlled 
with anti-parkinson agents. Postoperative drowsiness is aiso trequently reported following the use of /NAPSINE 
(droperidol). 





tievated blood pressure, with and without pre-existing hypertension, has been reported following administration of 
SUBLIMAZE (fentanyl) combined with IWAPSINE (droperidol). This might be due to unexplained alterations in 
sympathetic activity following large doses; however, it is also frequently attributed to anesthetic and surgical 
stimulation during light anesthesia. 


DOSAGE AND ADMINISTRATION 


Dosage shouid be individualized. Some of the factors to be considered in determining the dose are age. body weight. 
physica! Status, underiying pathological condition, use of other drugs. type of anesthesia to be used, and the surgical 
procedure involved. 

Vital signs should be monitored routinely. 

{.  Premedication—Premedication (to be appropriately modified in the elderly, debilitated. and those who have 
received other depressant drugs}—50 to 100 meg. (0.05 to 0.1 mg.j(t to 2 mi) may be administered 
intramuscularly 30 to 60 minutes prior to surgery. 

Adjunct to General Anesthesia---See Dosage Range Chart 

Hi Adjunct to Regional Anesthesia-—5S0 to 100 meg. (0.05 to 0.1 mo H1 to 2 mi} may be administered 
intramuscularly of slowly ittravengusly, over one to two minutes. when additional analgesia is required. 

iW Postoperatively (recovery room)—-50 to 100 meg. (0.05 to 0.1 mg.j(t to 2 mi} may be administered 
intramuscularly for the contro! of pain, tachypnea and emergence delinum. The dose may be repeated in one to 
two hours as needed. 

Usual Children’s Dosage: For induct:on and maintenance in children 2 to 12 years of age, a reduced dose as low as 20 

to 30 meg. (0.02 to 0.03 ma@.}i0.4 to 0.6 mi) per 20 to 25 pounds is recommended. 


DOSAGE RANGE CHART 


TOTAL DOSAGE 
Low dose—2 meg. skg. (002 mg kgj (.04 mi./kg.) SUBLIMAZE® injection. Fentany! in smali dases is most 
usefui for minor, but painful. surgical procedures. in addition to the analgesia during surgery, fentanyl may also 
provide some pain relief in the immediate postoperative period. Maintenance: Additional dosages of 
SUBLIMAZE * injection are infrequently needed in these minor procedures. 

Moderate dose—2-20 meg. kg. ( G02-.02 mg. kg. i(.04-0.4 mi ikg. SUBLIMAZE®* injection. Where sur 
gery becomes more maior, a larger dose is required. With this dose, in addition fo adequate anaigesia, one 
would expect to see same abolition of the stress response. However, respiratory depression wil be such that 
ariticial ventilation during anesthesia is necessary, and careful observation of ventilation postoperatively 1S 
essential. Maintenance: 25 to 100 meg. (0.025 to 0.1 mg.3(0.5 to 2.0 mi} may be administered intravenously 
or intramuscularly when movement and/or changes in vital signs indicate surgical stress or lightening of 
analgesia. 

High dose— 20-50 meg. kg. (.02-.05 mg./kg.}(0.4-1 mi_/kg.) SUBLIMAZE* injection. During open heart 
Surgery and certain more compicated neurosurgical and orthopedic procedures where surgery ts more 
prolonged, and in the opinion of the anesthesiologist. the stress response to surgery wouid be detrimental to 
the well being of the patient. dosages of 20-50 meg. ikg. (.02-.05 mg.}(0.4-1 mi.) of SUBLIMAZE® injection 
with nitrous oxide oxygen have been shown to attenuate the stress response as defined by increased levels of 
ciculating growth hormone, catecholamine, ADH, and prolactin. 

When dosages in this range have been used during surgery. postoperative ventilation and observation are 
easseritial due to extended postoperative respiratory depression 

The main objective of this technique would be to produce “stress free” anesthesia. Maintenance: Maintenance 
dosage (ranging from 25 meg. {.025 mg.}{0.5 mi} to one half the initial loading dase} will be dictated by the 
changes in vital signs which indicate stress and lightening of analgesia. However, the additional dosage 
selected must be individualized especially if the anticipated remaining operative time is short. 
























As a General Anesthetic 

When attenuation of the responses to surgical stress is especially important, doses of 50 to 100 meg. kg. (.05 to 0.1 
mg. kg. Hito 2 mi.’ kg.) may be administered with oxygen and a muscle relaxant. Ts technique has been reported to 
provide anesthesia without the use of additional anesthetic agents. in certain cases. doses up to 150 meg. ‘kg. {15 
mg.kg. H3 mi./kg.} may he necessary to produce this anesthetic effect. It has been used for open heart surgery and 
certain other major surgical procedures in patients for whom protection of the myocardium from excess oxygen 
demand s particularly indicated, and for certain complicated neurological and orthopedie procedures. 

As noted above, it is essential that qualified personnel and adequate facilities be available tor the management of 
respiratory depression. 

See Warmngs and Precautions for use of SUBLIMAZE (fentanyl!) with other CNS depressants. and in patients with 
aitered response. 


OVERDOSAGE 

Manifestations: The manifestations of SUBLIMAZE (fentany!} overdosage are an extension of ts pharmacologic 
actions. 

Treatment: in the presence of hypoventilation or apnea, oxygen should be adminsstered and respiration should be 
assisted Gr controlled as indicated. A patent airway must be maintained; and oropharyngeal airway or endotracheal 
tube might be indicated. {f depressed respiration is associated with muscular rigidity, an intravenous neuromuscular 
blocking agent might be required to faciiitate assisted or controlled respiration. The patient shouid be carefully 
observed for 24 hours: body warmth and adequate fluid intake shouid be maintained. if hypotension occurs and is 
severe of persists, the possibility of hypovolemia should be considered and managed with appropriate parenteral fluid 
therapy. A specific narcotic antagonist such as nalorphine, levallorphan, or naloxone shouid be avaiable for use as 
indicated to manage respiratory depression. This does not preciude the use of more immediate countermeasures. The 
duration of respiratory depression following overdosage of fentanyl may be longer than the duration of narcotic 
anagonst action. Consult the package insert of the individual narcotic antagonists for detalis about use. 


HOW SUPPLIED 
2 mi and 5 mi. ampoules—— packages of 10. 
NDC 50458-030-02 NDC 50458-030-05 


March, 1980. Revised June. 1980. January. 1981 
U.S. Patent No. 3, 164 500 


10 mi. and 20 mi. ampoules~— packages of 5. 

NDE 50458-030-10 NDE 50458-030-20 

(For intravenous use by hospita! personnel 

specifically trained in the use of narcotic analgesics). 2 
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Evoked Potenti 
Environments } 


Clinical applications of evoked po- 
tentials recorded in the surgical suite, 
emergency room, and intensive 
care unit are increasing very rapidly. 
However, for evoked potential 
instruments these are difficult 

environments. When used in these 

~ areas, many instruments which 
perform adequately in the quiet 
of the laboratory may suddenly 
become unduly susceptible to 
noise interference, may be 
difficult to operate because of 
complex control procedures, or 
may be too bulky to fit conve- 
niently into a crowded, highly 
instrumented test area. 

Life-Tech’s 8000 series evoked 
potential instruments have 
many unique features which 
ideally equip them to operate 
in these demanding 
environments. 
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Special 
“ Extreme Environment 


Features Of The 8000s 


e Compact and rugged for maximum 
convenience in crowded, busy areas 
e Modular for easy serviceability 
e Simple, straightforward controls 
e High amplitude resolution increases 
allowable noise at input 
e Very high amplifier input impedance 
optimizes performance when electrode 
placement is suboptimal 
e Adjustable artifact reject allows use where 
high-level background noise would require 
non-adjustable reject to be turned off 
e Optical patient isolation protects against 
~ voltage surges 
e Direct viewof analog signal allows quick 
identification of background noise , 4 
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Long before the ANSI Z-79.8 Standards 
were adopted, Ohio Medical Products 
was engineering a significant develop- 
ment in gas machines. One that would 
greatly advance anesthesia safety, 
technology and convenience. 


The result is the new Ohio Modulus™. It's 
designed from the ground up to meet the 
Z-79.8 Standards. Then it reaches be- 
yond to set new standards of its own. 


Opens a new generation of safety. 


The Ohio Modulus helps prevent de- 
livery of hypoxic oxygen/nitrous oxide 
mixtures through the exclusive Ohio 


example, this unique mechanical inter- 
lock system lets you adjust oxygen and 
nitrous oxide levels independently, but 
automatically intercedes to prevent 
nominal oxygen flow below 25% or ni- 
trous oxide flow above 75% of the 
oxygen/nitrous oxide mixture. 


Anesthetic agent vaporizers are isolated 
on the Modulus. A positive vaporizer 
selector interlock valve allows you to 
select either vaporizer. Or a bypass gas 
circuit can be engaged when both va- 
porizers are turned off. What's more, the 
agent circuits are parallel, thus helping 
to prevent accidental mixing within the 





your world a lot safer. 


Key components of the Modulus are 
easily removable for service. Extensive 
use of pin-indexing and DISS connec- 
tions helps prevent accidental_inter- 
change of similar components. Controls, 
indicators and work surfaces are located 
in optimal viewing and operational 
zones — key factors in your comfort as 
well as operational safety. 


Modularity enhances versatility and 
convenience. 


As its name implies, the Ohio Modulus is 
totally modular. Key components are 
removable, so you can order a machine 
with the configuration to conform to your 
technique. 


MIMS peur 
Conid S 


You select the gases,.vaporizers and 
flow ranges to meet the needs of your 
patients. You can order a machine which 
#wilbaccommodate two to four gases and 
two anesthetic agent=waporizers.—You 
can. also have key monitoring and 
functional controls located- -where you 
want them, not where main frame design 
dictates. 


State of the art for.years to come. 


With the ultra-adaptable Ohio Modulus, 
you are ready for the advances in anes- 
thesia technology which lie ahead. Its 
modular concept even extends to its 
support and accessory systems, so 
those too will see you far into the future. 


Consider moving into the future now with 
the Ohio Modulus. It can make your 
world a lot safer. 


UNIO Medical Products 


A Division of Airco, Inc. 


PO. Box 7550. 3030 Airco Drive, Madison, Wisconsin 53707 


© 1980 Airco, Inc. 
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Warnings. RESUSCITATIVE EQUIPMENT AND DRUGS SHOULD BE READILY AVAILABLE 
WHEN ANY LOCAL ANESTHETIC IS USED. - . ee 
Usage in Pregnancy. The relevance to tha human is not known. Sate usein pregnant ~A 
women other than those In labor has not heen established. 
Until turther clinical experience Is gained, paracervical block with Marcaine is not 
recommended, Fetal br dla frequently follows paracervical block with some amide- 
type local anasthetics and may be associated with fetal acidosis. Added risk appears to be - 
present In pramaturity, toxemia of pregnancy, and fetal distress. 
The obstetriclan is warmed that sevéve persistent hypertension may occur after adminis- 
tration of cartain oxytocic drugs,  vasopressors have already been used during labor (2.9., 
in the local anesthetic solution or to correct hypotension). 
Solutions containing a vasoconstrictor, particularly epinephrine o 2 ring, should 
be used with extreme caution in patients receiving monoamine oxidase (MAO) inhibitors or 
lapel of the triptyline or imipramine types, because severe, prolonged fyperten- 
on may result. i 
Local anesthetics which contaln preservatives, i.e., those supplled in multipe dose vials, 
should not be used for caudal or epidural anesthesia 
Until further expertence ls gained fn children younger than 12 years, administration of 
Marcaine in this age group is not recommended. 


Precastions. The safety and effacttveness of local anesthetics depend upon proper dosage, 
correct technique, adequate precautions, and readiness for emergencies. 

The lowest dosage that gives effective anesthesia should be used in order to avoid high 
plasma levels and serious systemic side effects. injection of repeated doses of Marcaine 
may cause significant Increase In blood levels with each additional dose, due to accumula- 
tion of the drug or Its metabolites or due to slow metabolic degradation. Tolerance varles 
with the status of the patient. Detditated, elderly patients and acutely If patients should be 
given reduced deses commensurate with age and physical condition. 

Solutions containing a vasoconstrictor should be used cautiously In areas with limited 
biood supply, in the presence of diseases that may adversely affect the patient's cardfovascular 
System, of in patients with peripheral vascular disease. h 

Marcaine should be used cautiously In persons with known drug allergies or sensitivities, f 
particularly to the amide-type local anesthetics. 

Serlous dose-related cardiac arrhythmias may occur if preparations containing a 
vasoconstrictor such as epinephrine are employad in patients curing or following the 
administration of chloroform, halothane, cyclopropane, trichioroethylane, of other related 
agents. In deciding whether to use these products concurrently In the same patient, the 
combined action of both agents upon the myocardium, the concentration and volume of 
vasoconstrictor used, and the time since injection, when applicable, should be taken into 


account 
> Caution is advised in administration of repsat doses of Marcaine to patients with severe 
T iver disease. 
Sponsored by: Hosted by: Use in Ophthalmic Surgery. When Marcaine 0.75% is used for retrobulbar block, 
. complete comeal anesthesia usually precedes onset of clinically acceptable external ocular 
muscle akinesla. Therefore, presence of akinesla rather than anesthesia alone should 
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Tel. Nos. 831-76 -11/831-75~—45 Treatment of Reactions, Toxic effects of local anesthetics require symptomatic treat 
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Telex No. 27400 ANESTHE PH to support ventilation with oxygen and assisted or controlled respiration as required. 
Supportive treatment of the cardiovascular system includes Intravenous tiuids and, when 


appropriate, vasopressors (pref those that stimulate the myocardium). Convulsions 
ww may be controlled with oxygen and intravenous administration, in small Increments, of a 
barbiturate, #8 follows: preferably, an ultrashort-acting barbiturate such as thiopental or 
thiamylal; if this Is not avahable, a short-acting barbiturate (6.9., sacobarbital or pento 
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Or diazepam. Intravenous barbiturates of anticonvulsant agents should only be admini 
by those familiar with thelr use. 
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Infiltrate prior to closing. 


By infiltrating soft tissues surrounding the operative site 
immediately prior to closing* you can extend the anesthetic 
effect of Marcaine“ long after surgery for greater patient 
comfort and a more rapid recovery period! 


Marcaine-c 


(bupivacaine HCI injection, USP) 


with or without epinephrine 1:200,000 
*0.25% only. 


See important product information concerning warnings, adverse reactions, patient selection, and prescribing and precautionary 
recommendations on adjacent page 


-BREON | Breon Laboratories inc 
90 Park Avenue. New York. NY 10016 ©1982 Breon Laboratories inc 
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SINGLE ISSUES PRIOR TO 1954: Write to publisher at address below for listing of issues available at $2.00 each. 
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OTHER PUBLICATIONS AVAILABLE: 

“Basic and Clinical Physiology of the Liver” (Supplement to Sept-Oct. 1965 issue)—$3.00. 
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INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 


The International Anesthesia Research Society is pleased to announce the establishment of the 


“LA.R.S. RESEARCH AWARD”. 


Applications for up to $25,000 are invited for the initial Award, to be made in 1983, subject to the 
following basic conditions: 


. The research proposal must be within the general field of anesthesiology. 


.. The principal investigator must be a member of the International Anesthesia Research 
Society. 


.... Preference will be given to new investigators. 


. Applications must be received in the I.A.R.S. Cleveland office no later than December 
31, 1982. 


The Award will be announced at the Annual Meeting (57th Congress) of the International Anesthesia 
Research Society to be held in New Orleans, March 13-17, 1983. The Award will be made on July 1, 
1983. 
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The official application form for the Award must be used. This form, as well as the guidelines for 
applicants, is available on request to: 


B. B. Sankey, M.D. 
Executive Secretary 
International Anesthesia Research Society 
3645 Warrensville Center Rd. 

Cleveland, Ohio 44122, U.S.A. 


Telephone: (216) 295-1124 


RESEARCH AWARD 









INTERNATIONAL ANESTHESIA RESEARCH SOCIETY 
57th CONGRESS to be held MARCH 13-17, 1983 
THE NEW ORLEANS HILTON AND TOWERS 





SCIENTIFIC PROGRAM: 


The deadline for receipt of abstracts of papers for consideration by the Program Committee has passed. Abstracts 
which were submitted by the August 25, 1982 deadline date will be acknowledged by the Program Committee 
Chairman: E. Paul Didier, M.D., Department of Anesthesiology, Mayo Clinic, Rochester, Minnesota 55905. 


SCIENTIFIC EXHIBITS: 


The deadline for submitting scientific exhibit applications is December 31, 1982. Application forms are available from: 
B. B. Sankey, M.D., International Anesthesia Research Society, 3645 Warrensville Center Rd., Cleveland, Ohio 44122. 
Tel: (216) 295-1124. 


TECHNICAL EXHIBITS: 


Commercial firms may obtain application forms from the 1.A.R.S. exhibit management company: Charles B. Slack, 
Inc., 6900 Grove Rd., Thorofare, New Jersey 08086. Tel: (609) 848-1000. 


MEETING REGISTRATION MATERIAL: 


Preliminary program, meeting registration and hotel reservation cards will be mailed in December 1982 to all LA.R.S. 
members, associate members and educational members. Members residing outside of the U.S. who wish to attend the 
meeting should advise the L.A.R.S. Cleveland office by Deccember 1 so that registration material can be sent airmail. 














EDITORIAL 


A Perspective on Halothane-Induced Hepatotoxicity 


NTRODUCED in 1956, halothane rapidly gained 

wide popularity as a general anesthetic. Reports of 
severe hepatotoxicity in relatively few patients (1-6), 
however, have curtailed its use. Most of the patients 
manifesting this disease have high serum glutamic 
oxaloacetic transaminase (SGOT) and serum glutamic 
pyruvic transaminase (SGPT) values and massive he- 
patic necrosis. The necrosis often is centrilobular (2) 
although other histologic lesions have been reported 
(1, 5). One of the most striking features of this rare 
form of disease is that most of the patients have 
received halothane on previous occasions (2, 3, 6, 7). 

In addition to this severe form of hepatotoxicity 
caused by halothane, however, milder forms of he- 
patic changes are frequently observed after the ad- 
ministration of halothane and other inhalation anes- 
thetics (8, 9). The relationship between these mild 
disorders and the massive hepatic necrosis that occurs 
rarely is not clearly understood. 

The possibility that metabolic intermediates might 
cause either the mild or severe forms of toxicity was 
raised by the discovery that liver microsomes convert 
halothane to chemically reactive metabolites both an- 
aerobically and aerobically. Under anaerobic condi- 
tions, halothane (CF;CHCIBr) is reduced by liver mi- 
crosomes to the reactive metabolite, 1-chloro-2,2,2- 
trifluoroethyl radical (CF;CHCI-) (10-18). This inter- 
mediate is believed to abstract a hydrogen atom from 
tissue molecules to produce 1-chloro-2,2,2-trifluoro- 
ethane (CFsCH2Cl) or be reduced by cytochrome P- 
450 to form 1-chloro-~2,2,2-trifluoroethyl carbanion 
((CF;CHCI:)7!), which can either eliminate fluoride to 
produce 1-chloro-2,2-difluoroethylene (CF2CHCI) or 
chloride to form trifluoroethyl carbene (CFsCH:). Both 
the reactive radical and carbene metabolites can re- 
act with liver microsomal protein and lipid and pre- 
sumably other unidentified target substances in 
liver. In air, however, liver microsomes catalyze oxi- 
dation of halothane to a halohydrin intermediate 
(CF;COHCIBr) which spontaneously loses either hy- 
drochloric acid or hydrobromic acid to form an acyl 
halide (CF;COX) that either acylates tissue molecules 
or undergoes hydrolysis to trifluoroacetic acid (13, 14, 


19, 20). Both oxidative and the reductive cleavage 
reactions are catalyzed by the form of liver cyto- 
chrome P-450 that is induced by treating rats with 
phenobarbital. 

The finding that a mild form of liver necrosis 
frequently occurs when rats pretreated with pheno- 
barbital are dosed with halothane and placed in a 14% 
oxygen atmosphere, but does not occur when the 
animals are placed in air or are not dosed with halo- 
thane or not pretreated with phehobarbital (10-12, 
14, 16), thus supported the view that reductive cleav- 
age of halothane could cause liver necrosis. It was felt 
that patients might experience similar conditions dur- 
ing anesthesia inasmuch as they are exposed to var- 
ious drugs that induce liver cytochrome P-450 and 
often might become hypoxic during or following an- 
esthesia with halothane or other inhalation anesthetics 
(21-23). 

Recent papers (23-27), however, have pointed out 
that hypoxia itself may cause a mild form of hepatic 
necrosis that is similar to the necrosis observed with 
halothane in rats and have raised the possibility that 
much of the hepatotoxicity is caused by hypoxia 
caused by anesthesia rather than by a chemically 
reactive metabolite of halothane. 

Shingu, Eger, and Johnson (26) have shown that 
high concentrations of halothane administered briefly 
to phenobarbital-pretreated rats produced more cen- 
trilobular necrosis than did low concentrations ad- 
ministered over longer periods of time. As hepatic 
clearance of halothane is believed to be saturable 
under these conditions, less total metabolism should 
have occurred when halothane was most toxic. More- 
over, Van Dyke et al (24, 25) have also come to the 
conclusion that metabolites of halothane may not be 
responsible for the hepatotoxicity observed in rats 
and humans. Van Dyke (25) has found that enflurane 
and isoflurane, which are metabolized at considerably 
less rapid rates than is halothane, also produce cen- 
trilobular necrosis in a rat model. He found, however, 
that enflurane and isoflurane produced liver necrosis 
only when they were administered for 2 hours at 8% 
oxygen to rats that had been fasted for 24 hours. If 
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the rats were not fasted, no toxicity was observed. 
Fasting also appeared to make the rats more sensitive 
to the toxic effects of halothane. Van Dyke (25) has 
suggested that fasting may lead to reduced perfusion 
of the liver, which in turn may contribute to a de- 
creased oxygen delivery and add to the severity of the 
hypoxia caused by the inhalation anesthetics and the 
initial low oxygen tensions. Shingu, Eger, and Johnson 
(27) have also studied the effects of 24 hours of fasting 
on hepatotoxicity. In contrast to Van Dyke, they 
found that when rats were exposed to 8% oxygen for 
2 hours, the livers showed signs of damage even 
without the presence of an inhalation anesthetic. 
Based on these results, it is possible that enflurane 
and isoflurane may have had only marginal effects on 
the hepatotoxicity observed by Van Dyke. If this were 
_ the case, then his results would neither support nor 
exclude the idea that halothane and other inhalation 
anesthetics cause hepatotoxicity by increasing hy- 
poxia in the liver. 

Because of differences in experimental design and 
differences in the source of the animals, however, it 
is difficult to resolve the issues between the propo- 
nents of the reductive cleavage theory and the pro- 
ponents of the hypoxia theory. The incidence of 
halothane-induced hepatotoxicity is highly variable in 
Sprague-Dawley rats from different sources, and thus 
the toxicity may not always be reproduced in different 
laboratories (I. G. Sipes, personal communication, 
1982). Different scoring of liver damage has been 
used; for example, Van Dyke (25) scored toxicity as 
being either positive or negative, whereas Shingu et 
al (26, 27), McLain et al (10), Jee et al (12), and Sipes 
et al (14) used a graded method ranging from 0 
(normal) to 5 (extensive necrosis). Moreover, Van 
Dyke (25) and Shingu et al (26, 27) used oxygen 
tensions (6% to 10%) considerably lower than the 14% 
used by proponents of the reductive cleavage mech- 
anism (10-12, 14, 16). It may well be, therefore, that 
the various groups are evaluating different mecha- 
nisms. 

It is possible that neither of these mechanisms, 
which result in a mild form of hepatotoxicity, ac- 
counts for fulminant hepatotoxicity observed in hu- 
mans. Indeed the finding that most victims of this 
severe form have received halothane on previous 
occasions suggests a hypersensitivity reaction (2, 3, 6, 
7). Although no one has yet shown that patients 
recovering from halothane-induced hepatotoxicity are 
sensitized to their own hepatocytes, studies have in- 
dicated that this may actually occur. 
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Sera from patients recovering from severe halo- 
thane hepatotoxicity have been shown to contain 
antibodies that bind to surface membranes of hepa- 
tocytes from rabbits treated in vivo with halothane 
and render them susceptible to cytotoxicity by normal 
lymphocytes (28). In contrast, sera from normal pa- 
tients or patients recovering from mild halothane- 
induced hepatotoxicity did not contain similar anti- 
bodies (28, 29). These results suggest that halothane 
is metabolized to a product that reacts covalently with 
their external surface of hepatocytes. In susceptible 
individuals, these altered hepatocyte membranes may 
be immunogenic and on further exposure to halo- 
thane a hypersensitivity reaction may ensure. 

Recent investigations (30) have indicated that the 
metabolite of halothane that interacts with the rabbit 
hepatocytes to make them susceptible to binding with 
human antibodies is trifluoroacetyl chloride or bro- 
mide (CFsCOX) and not a reductive metabolite prod- 
uct. This conclusion was based on the finding that 
cytotoxicity was induced by human antibodies against 
hepatocytes isolated from rabbits anesthetized with 
halothane at oxygen concentrations of 40% and above 
but not at lower oxygen tensions that promote reduc- 
tive metabolism. Indeed, the trifluoroacetyl group has 
been shown to serve as a hapten when conjugated to 
human or guinea pig albumin (31). 

In conclusion, we believe that halothane-induced 
hepatotoxicity should be considered as at least two 
entities. One variety is a mild form of toxicity that is 
seen commonly after anesthesia with halothane. The 
animal studies at low oxygen tensions appear to serve 
as a model for this toxicity since the toxicities pro- 
duced are usually mild and frequently produced 
throughout a population of animals. As discussed 
above, however, carefully controlled investigations 
are needed to determine whether the toxicity pro- 
duced under hypoxic conditions is due to either the 
direct toxic effects of reduction metabolites or to 
increased hepatic hypoxia produced by halothane. 
Quite possibly both mechanisms may be important, 
depending on the initial hypoxic conditions. In any 
case, this toxicity might be avoided by adequately 
ventilating patients after surgery (21). 

The hypersensitivity theory for the fulminant type 
of halothane hepatotoxicity is also attractive. It can 
explain why the disease is rare and is nearly always 
associated with repeated administrations of halo- 
thane. More work is needed, however, before this 
theory is proven. It will be necessary either to produce 
the hypersensitivity reaction in animals or to show 
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that patients recovering from halothane-induced ful- 
minant necrosis are sensitized to their own hepato- 


cytes. 


10. 


I1. 


12. 


13. 


14. 


Lance R. Pohl, PharmD, PhD 
James R. Gillette, PhD, ScD 
Laboratory of Chemical Pharmacology 
National Heart, Lung, 

and Blood Institute 
National Institutes of Health 
Bethesda, Maryland 20205 
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Hepatic Centrilobular Necrosis in Rats after Exposure 
to Halothane, Enflurane, or Isoflurane 


Russell A. Van Dyke, PhD* 





VAN Dyke, R. A.: Hepatic centrilobular necrosis in rats after exposure to halothane, enflurane, or isoflurane. Anesth 
Analg 1982:61:812-9. 


Exposure of phenobarbital-pretreated rats to low concentrations of halothane (0.5%) and reduced oxygen tension 
(Fio, 0.08) resulted in the development of liver necrosis in 51% of the animals. Fasting of rats for 24 hours before the 
Same type of exposure increased the incidence of liver necrosis to 80%. Exposure of fed rats to enflurane (1.5%) and 
isoflurane (1.4%) in conjunction with low oxygen tensions resulted in no liver necrosis; however, in fasting animals, 
these same concentrations, when accompanied by low oxygen concentrations, produced an incidence of liver necrosis 
of 35% and 80%, respectively. Lower concentrations of enflurane or isoflurane failed to produce hepatotoxicity. In 
this study, in addition to increasing the incidence of toxicity, fasting reduced the glutathione levels and also increased 
cytochrome P-450 concentrations. Exposure to halothane and to isoflurane, but not to enflurane, further decreased 
the glutathione level. Perhaps the mechanism of liver toxicity associated with anesthesia, at least in this animal model, 
is related more directly to severe hypoxia than to a direct toxic intermediate produced as a result of metabolism. 


Key Words: LIVER: toxicity; TOXICITY: liver; ANESTHETICS, Volatile: halothane, enflurane, isoflurane; METABO- 


LISM: fasting. 





Ora TOXICITY that occasionally ensues 
after use of volatile anesthetics has been 
thought to be caused by the metabolism of these 
agents. This process has been substantiated in the 
case of methoxyflurane; its metabolism results in the 
release of inorganic fluoride, a nephrotoxin. Further- 
more, in many instances an increase in metabolism of 
methoxyflurane has resulted in an increase in the 
severity of nephrotoxicity (1). Metabolism of halo- 
thane has also been suspected of producing organ 
toxicity; when accompanied by reduced oxygen ten- 
sions (2, 3), it has been shown to result in hepatic 
necrosis in rats. Nevertheless, direct evidence for 
involvement of a halothane metabolite in this type of 
toxicity has never been discovered. Therefore, to date, 
only circumstantial evidence exists to support the role 
of metabolism in the toxicity of this agent. 

Enflurane and isoflurane are metabolized to a much 
lesser extent than halothane—approximately 20% of 
halothane (4), 2.4% of enflurane (5), and 0.17% of 
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isoflurane (6) are metabolized. Although no reactive 
metabolites have been detected during isoflurane me- 
tabolism, enflurane metabolism results in the forma- 
tion of an acyl chloride that is capable of reacting 
with and binding to proteins (7). The amount of 
resultant binding, however, is so minimal that it is 
unimportant. Furthermore, the limited metabolism of 
enflurane and isoflurane requires oxygen. In contrast, 
halothane undergoes metabolism in either the pres- 
ence or the absence of oxygen, and qualitative differ- 
ences between the two conditions are apparent. 

The metabolism of halothane under reduced oxy- 
gen tension is the basis for the rat model of halothane 
hepatitis (2). Rats in which hepatic microsomal en- 
zymes have been induced by phenobarbital show 
evidence of centrilobular necrosis 24 hours after 2 
hours of exposure to halothane and low concentra- 
tions of oxygen (Fio, 0.08). In our laboratory, the 
halothane hepatitis model has been studied for several 
years. The prolonged study was necessary because 
development of the liver lesion after exposure to 
halothane and low oxygen concentrations was not 
always reproducible. Recent studies indicate, how- 
ever, that another factor may contribute to the devel- 
opment of the lesion. This report describes the effect 
of fasting on the development of centrilobular necro- 
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sis in rats after exposure to low concentrations of 
oxygen and not only halothane but also enflurane and 
isoflurane. 


Methods 


Animals and Treatments 


Male Sprague-Dawley rats, weighing 250 to 300 g 
each, were obtained from Hilltop Farms (Scottdale, 
PA). All rats were given phenobarbital in their drink- 
ing water (0.2%) for 5 days and then given untreated 
water for 24 hours before the experiments. Fed rats 
were given food ad libitum until immediately before 
they were used as experimental animals, whereas 
fasting rats had their food removed 24 hours before 
the experiments. 

The rats were exposed to anesthetic gas mixtures 
in a Plexiglas chamber with a volume of approxi- 
mately 50 L. The oxygen concentration within the 
chamber was continuously monitored by means of a 
Bio Marine Industries oxygen analyzer. The desired 
oxygen concentration was achieved by mixing oxygen 
and nitrogen through calibrated flowmeters. Anes- 
thetic gas vapors were added to the gas mixture by 
means of a copper kettle. Flow rates through the 
chamber were maintained at approximately 4 L/min. 
The concentration of anesthetic used was the same in 
all experiments: halothane 0.5%, enflurane 1.5%, and 
isoflurane 1.4%. These were the minimal concentra- 
tions required to produce hepatotoxicity. In all of the 
low-oxygen experiments reported in this study, Fio, 
of 0.08 was used. 

After a 2-hour exposure, animals killed 2 or 4 hours 
after exposure were allowed water but no food until 
being killed, whereas animals killed 24 hours after 
exposure were given food and water ad libitum. Im- 
mediately following killing, liver samples were ob- 
tained for fixation and hematoxylin and eosin stain- 
ing. The histologic slides were screened for liver 
necrosis with assistance from the Mayo Clinic De- 
partment of Anatomic Pathology. The slides were 
graded only as being positive or negative for centri- 
lobular necrosis, which by definition includes the 
appearance of dead hepatocytes in the centrilobular 
region with or without extension into the midzonal 
area. Thus, diffuse necrosis and ballooning degener- 
ation were graded 1+ and not considered positive in 
this study, whereas central necrosis graded 2+ or 
more was considered positive. Liver samples were 
also removed for microsome preparation and gluta- 
thione (GSH) analysis. 


GSH Assay 


Liver samples were homogenized in three volumes 
of cold 5% trichloroacetic acid, and hepatic GSH (acid- 
soluble thiols) was determined in the protein-free 
supernatant according to the method of Ellman (8). 


Microsomal Enzymes 


Livers were homogenized in three volumes of 0.15 
mom Tris buffer, pH 7.4. The homogenate was centri- 
fuged at 10,000 XxX g, and microsomal pellets were 
prepared by centrifuging the 10,000 X g supernatant 
fraction at 105,000 X g. Hepatic microsomal protein 
concentration was determined by the method of 
Lowry (9) and cytochrome P-450 level assayed by the 
method of Omura and Sato (10). The in vitro metab- 
olism of halothane, the methods used to achieve 
aerobic and anaerobic incubation conditions, and the 
determination of inorganic fluoride by the ion-spe- 
cific fluoride electrode have been described previ- 
ously (11). 

The data in Tables 2 and 3 are presented as means 
+ SE. Student’s t-test was used to determine statistical 


significance. 


Results 


Hepatic centrilobular necrosis as a result of expo- 
sure to 0.5% halothane and Fio, of 0.08 was not found 
in all animals 24 hours later (Table 1). A summary of 
several experiments indicated that the incidence of 
necrosis in fed animals exposed to 0.5% halothane 
was 51%. In contrast, the incidence of necrosis was 
greater in fasting rats that were exposed to the same 
conditions. No liver necrosis was seen in fed rats that 
were exposed to 1.4% isoflurane or 1.5% enflurane in 
conjunction with an Fio, of 0.08, but necrosis was seen 
in animals that had been fasting for 24 hours before 


TABLE 1 

incidence of Centrilobular Necrosis in Fed or Fasting Rats 
Exposed to 8% Oxygen and Anesthetic Agent for 2 Hours 
24 Hours before Killing 





Presence of liver 


Concentra- Study grou necrosis 
aaa tlon (no. Ai 

No. % 

Halothane 0.5% Fed (92) 46 51 
Fasting (60) 48 80 

Enflurane 1.6% Fed (38) 0 (8) 
Fasting (60) 21 35 

Isoflurane 1.4% Fed (33) O 0 
Fasting (60) 48 80 
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exposure to either anesthetic agent and the same low 
oxygen tensions. At a concentration of 1.2%, neither 
enflurane nor isoflurane produced evidence of liver 
toxicity, a pattern that suggests a sharp dose-response 
curve. Use of higher concentrations of enflurane and 
isoflurane (more than 1.5% and 1.4%, respectively) 
resulted in the death of many animals during expo- 
sure, presumably because of respiratory depression. 
The characteristic morphologic features in the area 


of a central vein in the liver of fasting animals exposed 
to 8% oxygen only are shown in Fig 1. The central 
region appeared normal, whereas the periportal areas 
had small vacuoles that were characteristic of expo- 
sure to low oxygen concentrations but that seemed to 
be more extensive in livers from fasting animals than 
in livers from those that were fed. In Fig 2 is shown 
the typical appearance of liver sections from animals 
that were fasted for 24 hours and then were exposed 





FiG 1. Photomicrograph of liver tissue from fasting rat 24 hours after exposure to low oxygen concentration (Fio, 0.08) for 2 


hours. Hematoxylin and eosin, 160x. 
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to 0.5% halothane and Fio, of 0.08; the centrilobular 
necrosis had extended into the midzone and vacuoli- 
zation had developed in the periportal area. Liver 
sections stained for lipids failed to show any evidence 
of extensive accumulation of fat in the vacuoles in 
either the central or the periportal region, but some 
central cells contained an increased amount of ex- 
tremely small lipid droplets. 

The characteristic morphologic features of liver 
specimens obtained from fasting animals exposed to 
1.5% enflurane and Fio, of 0.08 are shown in Fig 3; 
the centrilobular necrosis had extended into the mid- 
zone. The central necrosis that is typically found in 
fasting animals exposed to 1.4% isoflurane and Fio, of 
0.08 is depicted in Fig 4. The tissue from neither 
enflurane- nor isoflurane-exposed animals showed 
any large accumulation of fat. The cells in the central 
region showed ballooning degeneration and some 
dead cells were also present. 


The cytochrome P-450 measurements are shown in 
Table 2; there is a statistically significant increase in 
cytochrome P-450 levels in fasting animals as com- 
pared with fed animals. There was also a statistically 
significant increase in the anaerobic release of inor- 
ganic fluoride from halothane in the microsomes from 
the fasting as compared with the fed animals, which 
merely reflected the difference in cytochrome P-450 
content. 

GSH levels in livers from rats exposed to halothane, 
enflurane, or isoflurane and low concentrations of 
oxygen are shown in Tabt@3. Fasting decreased GSH 
levels, which were further decreased immediately 
after exposure to halothane but which rebounded to 
levels greater than those found before exposure. An- 
imals exposed to enflurane showed no change in GSH 
levels at the three times after exposure, whereas iso- 
flurane exposure resulted in a rebound effect similar 
to that found after exposure to halothane. Exposure 





Fig 2. Photomicrograph of liver tissue from fasting rat 24 hours 
after exposure to 0.5% halothane and low oxygen concentration 


(Fio, 0.08) for 2 hours. Note extensive vacuolization and necrosis 


in central and midzonal areas. Hematoxylin and eosin, 160. 
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Fig 3. Centrilobular and midzonal necrosis in liver from fasting 
rat 24 hours after exposure to low oxygen concentration (Flo, 


to low oxygen concentrations (Fio, 0.08) alone for 2 
hours had no effect on the GSH levels. 


Discussion 


The mechanism of development of hepatic necrosis 
by xenobiotics has never been established. Of partic- 
ular concern in this regard is the hepatitis occasionally 
noted in humans after subjection to halothane anes- 
thesia and that seen in the rat model after exposure 
to halothane and low inspired oxygen concentrations. 
Because the rat model of halothane hepatitis seems to 
be related to the metabolism of the agent under 
reduced oxygen tensions, the mechanism of devel- 
opment of hepatic necrosis has been presumed to be 
the result of the generation of reactive intermediates 
in the course of metabolism. No toxic metabolites, 
however, have been identified. Thus, the relationship 
of metabolism to toxicity is only circumstantial, and 
because of the nature of the data in this report, it is 
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k 
0.08) and 1.5% enflurane for 2 hours. Hematoxylin and eosin, 
160x. 


appropriate to consider another mechanism that in- 
volves severe hypoxia not necessarily related to me- 
tabolism. 

As reported herein, centrilobular necrosis can be 
induced by enflurane and isoflurane, which do not 
undergo a substantial degree of metabolism (5, 6). 
This finding raises the possibility that physiologic 
factors may play a role in the development of hepatic 
necrosis, which in turn suggests that centrilobular 
necrosis as an end point in toxicity studies may be 
subject to three interpretations: (a) the mechanism of 
development of necrosis may be so varied that no 
single factor can be implicated—that is, the end point 
is not related to a specific cause; (b) the metabolites 
of xenobiotics thought to interact chemically with 
sensitive sites in the cell may instead react with re- 
ceptors to produce physiologic changes, such as re- 
duced or altered organ perfusion, that result in de- 
creased oxygen delivery; or (c) metabolism of xeno- 
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Fig 4. Centriiobular necrosis and vacuolization in liver from 
fasting rat 24 hours after exposure to 1.4% isoflurane and low 


TABLE 2 


Cytochrome P-450 Levels and Inorganic Fluoride Generated 
from Halothane in Microsomes from Fed and Fasting Rats* 


Study group Cytochrome P-450 inorganic fluoride 





nmol/mg protein wumnal/mg protein 
Fed 1.85 + 0.06 4.39 + 0.39 
Fasting 2.40 + 0.04 6.15 + 0.54 
p <0.001 <0.05 





* Values are means + SE. 


biotics plays no role but because of the apparent 
correlation with toxicity obscures the physiologic ef- 
fects of the parent compound. 

Halothane metabolism under reduced oxygen ten- 
sions leads to the formation of metabolites that co- 
valently bind to cellular constituents (12). Under nor- 
mal oxygen tensions there is some binding of a hal- 
othane metabolite to protein; however, when the ox- 
ygen tension is reduced, the covalent binding in- 


oxygen concentration (Fio, 0.08) for 2 hours. Hematoxylin and 
eosin, 160x. 


creases but the increase is completely attributable to 
binding with fatty acids in phospholipids (13). Expo- 
sure of rats to low oxygen tensions in the presence of 
halothane produces centrilobular necrosis. This ap- 
parent relationship among low oxygen concentration, 
binding, and toxicity has been the basis for implicat- 
ing metabolism in the mechanism of toxicity. Pretreat- 
ment with phenobarbital or polychlorinated biphen- 
yls (PCBs) is also necessary for the production of 
hepatotoxicity; this factor has further implicated the 
role of metabolism because cytochrome P-450, which 
is induced by this treatment, mediates the metabolism 
of halothane. The present study also seems to support 
this implication because fasting, which enhances tox- 
icity, also causes an increase in cytochrome P-450 
(Table 2). 

Studies in this laboratory and others, however, have 
shown that measurable cytochrome P-450 content 
decreases under the same conditions as those that 
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TABLE 3 
Giutathione Levels in Fasting Rate: Effect of Exposure to Anesthetic Agent and 8% Oxygen or to 8% Oxygen Aione* 
Glutathione 
Immediatety At 2 hours At 4 hours 
pmol/g liver 
After exposure to: 
Halothane 3.27 + 0.39T 4.57 + 0.08ł §.20 + 0.22T§ 
Enflurane 3.81 + 0.14+ 3.93 + 0.107 4.09 + 0.14F 
isoflurane 3.59 + 0.13F 4.62 + 0.244 4.64 + 0.20T§ 
Low Oz 4.63 + 0.67T 3.25 + 0.32T 3.71 + 0.26t 


* Values are means + SE. Glutathione levels (umol/g liver) in nonexposéd control rats were: fed, 6.14 + 0.06; fasting, 3.98 + 


0.15. 
+ Not significantly different from fasting control rats. 


t Significantly different (p < 0.005) from fasting control rats. 


§ Significantly different (p < 0.01) from immediately after exposure. 


promote the hepatotoxicity—namely, halothane plus 
low oxygen tensions (13, 14). The reduction in meas- 
urable cytochrome P-450 has been reported to be as 
high as 70%, is found immediately after exposure, and 
persists for at least 24 hours. In addition, the enzy- 
matic activity also decreases in parallel with the meas- 
urable content. Thus, the induction of cytochrome P- 
450 may not be the most important change but only 
one of many changes produced in the liver as a result 
of phenobarbital or polychlorinated biphenyl treat- 
ment. The key alteration is still not known but may 
be related to the oxygen requirement and perfusion 
patterns in the liver. 

Enflurane and isoflurane do not undergo metabo- 
lism to a considerable extent and, as stated previously, 
no reactive metabolites have been detected under 
reduced oxygen tensions. Yet both anesthetics pro- 
duce liver toxicity in fasting animals exposed to low 
oxygen concentrations during anesthesia. A key ques- 
tion now is: do enflurane and isoflurane depress either 
the respiratory or the circulatory system and thus 
cause severe liver hypoxia, and, if so, might halothane 
also do the same? Normally, the liver has a limited 
oxygen content (15); therefore, exposure to an anes- 
thetic may readily reduce its oxygen content to hy- 
poxic levels. Halothane is known to reduce hepatic 
blood flow in humans (16). Whether enflurane or 
isoflurane produces the same effect is not known; 
however, both enflurane and isoflurane are respira- 
tory depressants, and in our experiments in which the 
animals breathed spontaneously the hypoxemia as- 
sociated with respiratory depression would have be- 
come apparent. 

Neither enflurane nor isoflurane has any effect on 
cytochrome P-450 levels, and because these agents 
are metabolized to a limited extent, the destruction of 
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P-450 by halothane can be assumed to result from 
formation of reactive metabolites. Chemicals that are 
metabolized by way of a reactive intermediate have 
been noted to cause an initial reduction of GSH often 
followed by an increase above control levels. This 
rebound effect on levels of GSH has been attributed 
to the stimulation of GSH synthesis by reactive inter- 
mediates (17) and is consistent with the observation 
that the rate of GSH synthesis can be stimulated 
above that normally found when the demand in- 
creases, The present study shows not only the previ- 
ously reported effect of fasting on GSH levels, but 
also the rebound effect—that is, GSH levels were 
greater 4 hours after than immediately after exposure 
to halothane and low oxygen concentrations (Table 
3). Investigators have previously reported (18) that 
GSH levels remain unchanged after administration of 
halothane. In that study, however, oxygen tensions 
were too high to produce liver toxicity or to increase 
reactive intermediates to a level necessary to affect 
the rate of GSH synthesis. Moreover, the determina- 
tions were made at times after exposure when changes 
in GSH levels would not have been evident. None- 
theless, isoflurane seems to have the same effect as 
halothane on reduced GSH levels. Both agents cause 
a rebound of reduced GSH levels after exposure, 
which has been assumed to be the result of formation 
of reactive metabolites; this sequence of events sug- 
gests that reactive metabolites may not be the only 
determinants of reduced GSH levels. 

The effect of fasting is not clear. Perhaps the per- 
fusion of the liver by the portal system is reduced 
after fasting, and this reduction contributes to a de- 
creased oxygen delivery and adds to the hypoxia 
caused by hypoxemia secondary to respiratory de- 
pression. A recent report (19) indicates that centrilob- 
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ular injury can be detected in isolated perfused livers 
as a result of hypoxia produced by reducing the 
delivery of oxygen to the liver. The proposal that 
centrilobular necrosis induced by halothane, enflur- 
ane, or isoflurane in the rat model is the result of 
severe hypoxia is open to many questions; neverthe- 
less, the hypothesis is in accordance with currently 
reported data. 
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Hypoxia Per Se Can Produce Hepatic Damage without 
Death in Rats 


Koh Shingu, MD,* Edmond I. Eger II, MD,7 and Brynte H. Johnson, ABE 


SHINGU, K., EGER, E. |., I, AND JOHNSON, B. H.: Hypoxia per se can produce hepatic damage without death in rats. 
Anesth Analg 1982;61:820—3. 


To evaluate the importance of hypoxia itself on halothane-induced hepatic injury in the rat, the question of whether 
hypoxia could injure the liver without causing death was investigated. Male Sprague-Dawley rats pretreated with 
phenobarbital (1 mg/ml of drinking water, 4 days) and deprived of food for 24 hours were exposed to 6%, 7%, 8%, 
or 10% inspired oxygen with 0%, 5%, or 7.5% carbon dioxide for 2 hours. Several rats died when given 6% oxygen 
with 0% or 7.5% carbon dioxide, but all other rats survived. Without carbon dioxide, oxygen at a concentration of 7% 
or 8% produced more injury than did room air, and 6% oxygen produced the most severe damage. These results 


demonstrate that in rats hypoxia per se may be an important factor in causing hepatic damage. 


Key Words: HYPOXIA: liver; LIVER: hypoxia. 


N RATS PRETREATED with phenobarbital to en- 
hance drug metabolism, exposure to halothane and 
low (but not high) concentrations of oxygen produces 
hepatic injury (1, 2). Furthermore, in vitro (3-5) and 
in vivo (6) binding of halothane metabolites to rat 
liver microsomal lipids increases at lower concentra- 
tions of oxygen. These results support the hypothesis 
that intermediate(s) of the reductive biodegradation 
of halothane may be hepatotoxic. However, recent 
studies (7) suggest that this interpretation of the above 
experiments may underestimate the importance of 
hypoxia itself as a cause of hepatotoxicity. That is, 
although reductive metabolism occurs, it may not be 
the real cause of injury. 

In rats pretreated with phenobarbital and then de- 
prived of food for 24 hours before exposure to an 
anesthetic in a hypoxic environment, halothane, en- 
flurane, and isoflurane all caused hepatic injury (7). 
As enflurane and isoflurane are minimally metabo- 
lized (8), this suggests that not only might lack of 
food contribute to hepatic injury but also that metab- 
olism of anesthetics may not be necessary for pro- 
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duction of hepatic damage by anesthetics. Because 
these three anesthetics depress respiration and circu- 
lation, they might cause hepatic injury by compro- 
mising hepatic oxygenation. 

It is obvious that some level of liver hypoxia must 
produce injury. What is less obvious is whether this 
level is compatible with survival. That is, one cannot 
assume that hepatic injury produced in vitro would 
apply in vivo. In fact, there is little experimental 
evidence indicating that hypoxia can produce in vivo 
hepatic injury. Refsum (9) reported that plasma serum 
glutamine oxaloacetic transaminase (SGOT) levels in- 
creased in patients with pulmonary insufficiency 
when arterial oxygen content decreased to less than 
9 ml/dl. Iles et al (10) showed that blood levels of 
succinate derived from the liver increase in patients 
in whom Pao, values were less than 50 to 60 torr. In 
both of these clinical studies, factors other than the 
level of oxygen may have played a role in the hepatic 
injury that occurred. To evaluate the importance of 
hepatic oxygenation, we studied whether hypoxia 
with or without carbon dioxide could cause hepatic 
injury in the absence of anesthesia. 


Methods 


One hundred eight male Sprague-Dawley (Charles 
River) rats weighing approximately 250 g each, were 
given phenobarbital (1 mg/ml of drinking water) for 
4 days (mean 21.5 + 0.3 (SE) mg/day). For the next 
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24 hours they drank pure water and were deprived of 
food. The rats than were assigned to groups according 
to the concentration of oxygen and carbon dioxide in 
the inspired gas. The control group (n = 12) breathed 
room air. The “10% oxygen” group (n = 9) breathed 
10% oxygen plus 7.5% carbon dioxide. The remaining 
animals breathed 8% (n = 26), 7% (n = 25), or 6% (n 
= 36) oxygen. Each of these three groups was divided 
into three subgroups according to the amount of 
carbon dioxide added, i.e, 0%, 5%, or 7.5%. The 
animals were placed in individual Plexiglas tubes (6.5 
cm i.d. and 30 cm length), and they were exposed to 
the mixture of oxygen and carbon dioxide (balance 
nitrogen) for 2 hours. The flow through each tube 
was approximately 1 L/min. Every 5 to 10 minutes, 
inflow concentrations of oxygen and carbon dioxide 
were checked with a Beckman model E2 oxygen 
analyzer and a Beckman LB2 medical gas analyzer, 
respectively. After exposure, the rats were returned 
to individual cages and were given rat chow and water 
ad libitum. After 24 hours the rats were killed by 
exposure to carbon dioxide, and sections of the right 
superior hepatic lobe were taken for microscopic 
examination. Each section was fixed and stained with 
hematoxylin and eosin. The resulting slides were 
arranged in a random sequence and hepatic injury 
was scored “blindly” by a pathologist. Each liver was 
assigned a score of O (normal) to 5 (extensive cell 
disruption with multiple necrosis over 25% of field 
area) according to the criteria of Jee et al. (11). The 
statistical significance of differences between groups 
was tested using the Mann-Whitney U-test (12). 


Results 


During exposure to 6% oxygen without carbon 
dioxide, nine of 18 rats died. Convulsions preceded 
all deaths, and some survivors also convulsed. Al- 
though addition of 5% or 7.5% carbon dioxide pre- 
vented convulsions, six of nine rats died when given 
7.5% carbon dioxide with 6% oxygen. All other ani- 
mals survived. 

When it occurred, hepatic injury was characterized 
by centrilobular necrosis and vacuolization. The nor- 
mal lobular architecture was maintained, but ceils in 
the centrilobular regions showed pyknotic nuclei, loss 
of nuclei, large vacuoles, and loss of cell margins. 
Cells in periportal areas appeared to be spared from 
injury. 

Livers from two control rats were assigned a score 
of 3 (mean 1.67 + 0.27 [SE]) (Table), suggesting that 
pretreatment with phenobarbital followed by 24 
hours of food deprivation can itself cause hepatic 
injury. The addition of carbon dioxide seemed to have 
a favorable effect; without carbon dioxide, oxygen at 
concentrations of 7% or 8% produced more injury 
than that found in livers of control rats (p < 0,01). 
However, livers of rats given 7% and 8% oxygen and 
5% or 7.5% carbon dioxide did not differ from livers 
of control rats (except those given 7% O2 + 5% CO3). 
At the same oxygen: concentration, there were no 
significant differences among groups that had re- 
ceived carbon dioxide and those that had not. Livers 
from rats given 6% oxygen showed significantly more 
damage than livers from rats given 7%, 8%, or 10% 








TABLE 
Effects of Hypoxia and Carbon Dioxide on Hepatic Injury* 
O2 
CO2 Room air 
6% 7% 8% 10% 
0% 4.56 + 0.36]| 3.50 + 0.45§ 3.12 + 0.324 1.67 + 0.27 
(9/18) (8/8) (8/8) (12/12) 
5% 4.70 + 0.22|| 2.63 + 0.28f 1.89 + 0.37 NS 
(10/10) (8/8) (9/9) 
7.5% 5.00 + 0.00t 2.22 + 0.49 NS 2.22 + 0.42 NS 2.78 + 0.16łċł 
(3/9) (9/9) (9/9) (9/9) 





* Values are means + SEM using values criteria of Jee et al (11). A score of O = normal. liver, 5 = multiple area necrosis. Values 
in parentheses indicate the number of rats survived/studied. Comparison to the room-air group was made by Mann-Whitney U-test. 


NS, Not significant. 
tp< 0.05. 
tp<0.01. 

§ p < 0.005. 
| p < 0.001. 
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oxygen, regardless of whether or not carbon dioxide 
was concomitantly administered (p < 0.02) (except 
6% Oz + 0% CO: vs 7% Oz + 0% COs). 


Discussion 


Our results show that hypoxia can cause hepatic 
injury in the absence of anesthesia. They suggest that 
the liver may be more vulnerable to hypoxia than the 
brain or heart. The results support (but do not prove) 
the suggestion of Van Dyke (13) that anesthetics may 
cause hepatic injury by depressing ventilation and/or 
decreasing hepatic blood flow. 

Carbon dioxide was added to the inspired gases in 
some groups to mimic more closely hypoxia induced 
by hypoventilation. We considered that the addition 
of carbon dioxide might have had several effects on 
hepatic oxygenation in our preparation. First, it would 
further stimulate breathing and thereby decrease hy- 
poxemia. Second, it would shift the oxyhemoglobin 
dissociation curve to the right and thereby decrease 
arterial oxygen content. And third, it might directly 
cause hepatic vasodilation and increase hepatic blood 
flow (and oxygen delivery), or indirectly (through 
sympathetic stimulation) cause vasoconstriction and 
decrease flow. The results with 7% and 8% oxygen 
suggested that the addition of carbon dioxide exerted 
a favorable effect. The lack of an effect with 6% 
oxygen may simply reflect the profound impact of 
this low level of oxygen. The effect of carbon dioxide 
in protecting against hypoxia agrees with the results 
of Brauer (14) who found the secretion rate of bile in 
rats does not decrease with hypoxia (Fio, of 0.05 to 
0.1) if 5% carbon dioxide is added to the inspired gas 
mixture. Furthermore, Cooperman et al (15) reported 
that hypocapnia increased the oxygen demand of 
splanchnic viscera out of proportion to the associated 
increase in blood flow in paralyzed humans anesthe- 
tized with nitrous oxide. 

Our histologic findings indicative of centrilobular 
injury are similar to those reported to be induced by 
halothane in animals (1, 2, 11) and humans (16, 17). 
The region around the central vein is the last site to 
receive oxygen and nutrients in the liver lobulus. It 
therefore has the lowest oxygen tension and might be 
most influenced by hypoxia. Although decreased per- 
fusion to liver causes centrilobular anoxia, normoxia 
persists in the periportal region in the isolated per- 
fused rat liver (18). In this preparation, structural 
derangements appear to be confined to the centrilob- 
ular region. Centrilobular injury also may be caused 
by ethanol (19), hyperthyroidism, narcotics (20), and 
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anesthetics. Ethanol and hyperthyroidism increase 
hepatic oxygen consumption (19). Narcotics and an- 
esthetics depress respiration and circulation. All these 
effects could result in centrilobular hypoxia; perhaps 
this is the common mechanism by which hepatic 
injury results from such diverse causes. 

Why does pretreatment with phenobarbital predis- 
pose the liver to injury in the model we used? Phe- 
nobarbital induces microsomal enzymes and increases 
the metabolism of various drugs. The fact that hepatic 
injury from exposure to halothane appears to require 
pretreatment with phenobarbital has been thought to 
indicate the importance of anesthetic metabolism to 
hepatic damage. However, phenobarbital influences 
more than the quantitative or qualitative (21) hepatic 
metabolism of drugs. It increases the amount of mi- 
crosomal protein (3) by decreasing the rate of break- 
down and by enhancing the rate of synthesis (22). 
Does phenobarbital also increase oxygen demand, 
and is this demand further augmented by the metab- 
olism of anesthetics? Does phenobarbital augment the 
ongoing processes of cellular breakdown and repair 
and thereby increase oxygen consumption? 

Why does food deprivation make the liver more 
vulnerable to injury or itself cause injury? The fact 
that livers from two rats in the control group received 
scores of 3 suggests that lack of food produces serious 
hepatic effects. Goldschmidt et al (23) reported that a 
high-carbohydrate diet protects against hepatic dam- 
age induced by chloroform and divinyl ether. Food 
deprivation might influence the liver in several ways. 
It decreases the availability of substrates for metabo- 
lism and for synthesis of cell constituents; it changes 
the activities of various enzymes (24); and it decreases 
hepatic blood flow. Regardless of the underlying 
mechanism, the effects of food deprivation may have 
important clinical implications. Surgical patients are 
always deprived of food for several hours before 
operation; also, some patients undergo surgery in 
malnourished states. 

We conclude that although the reductive biodeg- 
radation of halothane may play some role in hepatic 
injury, its role might not be as important as previously 
believed. Hypoxia itself may be a more important 
factor than formerly appreciated. If so, all anesthetics, 
both injected and inhaled, may prove to be hepato- 
toxic by virtue of their effects of ventilation, hepatic 
blood flow, or the distribution of hepatic blood flow. 
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Hypoxia May Be More Important than Reductive 
Metabolism in Halothane-Induced Hepatic Injury 
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SHINGU, K., EGER, E. l., Jl, AND JOHNSON, B. H.: Hypoxia may be more important than reductive metabolism in 
halothane-induced hepatic injury. Anesth Analg 1982;61:824-~—7. 


To evaluate the relative importance of halothane metabolism and liver hypoxia in the occurrence of hepatic injury, the 
Injury produced in: hypoxic rats exposed to identical MAC hours of halothane but at various concentrations of halothane 
was compared. Groups of male Sprague-Dawley rats were pretreated with phenobarbital for 4 days, and 24 hours 
later they were exposed to 10 hours of 10% oxygen and concomitantly 0.2 MAC hours of halothane at the following 
anesthetic concentrations: 0:02% for 10 hours, 0.1% for 2 hours, 0.5% for 24 minutes, or 2.5% for 4.8 minutes. A 
control group received only 10% oxygen for 10 hours. Liver specimens taken 24 hours later demonstrated concen- 
tration-dependent damage; high concentrations given briefly produced more damage than lower concentrations given 
for long periods. As hepatic clearance of halothane by metabolism appears to be a saturable phenomenon, these 
results suggest that hypoxia per se may be more important than halothane metabolism in causing liver damage. 


Key Words: ANESTHETICS, Volatile: halothane; BIOTRANSFORMATION: halothane; TOXICITY: halothane: HY- 


POXIA: liver; LIVER: hypoxia, halothane. 





T HAS BEEN suggested that the intermediate prod- 

ucts of halothane biodegradation in animals 
breathing oxygen at a low partial pressure may play 
a major role in halothane-induced hepatic injury. Rats 
pretreated with phenobarbital to enhance drug me- 
tabolism develop hepatic injury following exposure 
to halothane at low (but not high) concentrations of 
oxygen (1, 2). Lower concentrations of oxygen in- 
crease binding of halothane metabolites to rat liver 
macromolecules (3, 4). 

The thesis that reductive metabolism is primarily 
responsible for hepatic injury may not be correct: 
hypoxia per se may be as or more important. Van 
Dyke (5) reported that isoflurane and enflurane, 
which are metabolized in small amounts, also produce 
hepatic damage in starved hypoxic rats pretreated 
with phenobarbital. We found that nonlethal hypoxia 


* Visiting Assistant Research Anesthesiologist. 

+ Professor and Vice Chairman for Research. 

+ Staff Research Associate. 

Supported in part by a visiting grant from the Ministry of 
Education, Science and Culture, Japan. 

Received from the Department of Anesthesia, University of 
California, Room 1386 HSE, Third and Parnassus Avenues, San 
Francisco, California 94143. Accepted for publication April 
20, 1982. 

Reprint requests to Dr. Eger. 


ANESTHESIA AND ANALGESIA 
Vol 61, No 16, October 1982 


824 


in the absence of any anesthetic can produce liver 
injury (6). 

We devised an experiment to test the relative im- 
portance of metabolism versus hypoxia, based on the 
following assumptions. Hepatic clearance of halo- 
thane by metabolism (i.e., the fraction of halothane in 
the blood flowing through the liver that is removed 
by metabolism) is greatest at trace halothane concen- 
trations (i.e., 0.001%). Both published and unpub- 
lished data suggest that half saturation (i.e., the Km) 
of metabolism occurs at approximately 0.0003 atm 
(0.03%) of halothane (7). Higher concentrations cannot 
more than double metabolism (i.e., approach Vmax, 
the maximum rate of metabolism). Thus, administer- 
ing a low concentration of halothane for.a prolonged 
period should produce more metabolites (and, if re- 
ductive metabolism is important, more injury) than a 
short exposure at a high concentration. This predic- 
tion has been shown to be true for enflurane and 
methoxyflurane (8). On the other hand, although 
higher concentrations of anesthetic given for a short 
time might produce less metabolites, they may pro- 
duce more hepatic hypoxia and hepatic injury as a 
consequence of cardiorespiratory depression. The fol- 
lowing experiment tested these predictions: that the 
occurrence of more injury after a long exposure of 
anesthetic at a low concentration would indicate the 
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importance of reductive metabolism, whereas the oc- 
currence of more injury after a short exposure at a 
high concentration would point to the importance of 
hepatic hypoxia. 


Methods 


Male Sprague-Dawley rats, weighing 371 + 5 g 
(mean + SE) each were housed individually in metal 
mesh cages and were given 0.1% phenobarbital in 
their drinking water for 4 days (mean 29.9 + 0.6 (SE) 
mg/day). For the next 24 hours, half the rats were 
given pure water but were deprived of food. The 
other half were given pure water and rat chow. A 
control group of rats (eight had received food and 
eight had not) then were exposed to 10% oxygen 
(nitrogen balance) for 10 hours. The remaining groups 
of rats also breathed 10% oxygen for 10 hours and, 
concomitantly, halothane at various concentrations. 
All were exposed to the same total dose of halothane 
(the concentration times the duration of exposure) at 
the midpoints of the 10-hour period of hypoxia. The 
mean concentrations of halothane and the lengths of 
exposure were as follows: 0.021% + 0.005% (SD) for 
10 hours (n = 28), 0.100% + 0.007% for 2 hours (n = 
14), 0.526% + 0.006% for 24 minutes (n = 28), or 
2.45% + 0.008% for 4.8 minutes (n = 14). Half the 
rats in each group had been starved for 24 hours 
before exposure and half had not. All animals were 
placed individually in Plexiglas tubes, and they were 
deprived of food and water during the 10-hour ex- 
posure. The flow rate through each tube was approx- 
imately 1 L/min. Halothane was delivered from a 
Fluotec MK2 and was diluted to the desired concen- 
tration by addition of oxygen and nitrogen. During 
the exposure to halothane, gas samples from the 
delivery tube were taken every 1 to 15 minutes (the 
frequency of sampling was dependent on the duration 
of anesthetic exposure), and the concentrations of 
halothane were measured with gas chromatography. 
The inflow concentration of oxygen was checked 
every 5 to 15 minutes with a Beckman model E2 
oxygen analyzer. After exposure, the rats were given 
rat chow and water ad libitum. Twenty-four hours 
later, the rats were killed with 100% carbon dioxide, 
and sections of the right superior hepatic lobe were 
taken for microscopic examination. Each section was 
fixed and stained with hematoxylin and eosin. The 
resulting slides were arranged in a random sequence 
and hepatic injury was scored “blindly” by a pathol- 
ogist. Each liver was given a score of 0 to 5 using the 
criteria of Jee et al (9), that is, O = normal; 1 ='mild 


cellular disruption (some dissociation of centrilobular 
hepatic cords), <25% of field area; 2 = moderate cell 
disruption, appearance of balloon cells and vacuoli- 
zations, <50% of field area; 3 = extensive cell disrup- 
tion and vacuolization, >50% of field area; 4 = exten- 
sive cell disruption with occasional centrilobular ne- 
crosis; and 5 = extensive cell disruption with multiple 
centrilobular necrosis, >25% of field area. Statistically 
significant differences between groups were tested 
using the Mann-Whitney U-test (10). 


Results 


Three rats died while breathing 10% oxygen: one 
each in the 0.1%, 0.5%, and 2.5% halothane groups. 
These rats had been fed in the 24-hour period before 
breathing low concentrations of oxygen. The histo- 
logic scores were clearly related to the concentration 
of halothane rather than the length of exposure (Fig- 
ure). The longest exposure to halothane (0.02%) pro- 
duced no more liver damage than that found in the 
control groups. In contrast, rats exposed to 0.5% or 
2.5% halothane had the most severe hepatic injury (p 
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FIGURE. Relationship of hepatic injury score to concentration of 
halothane and length of exposure. 
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< 0.005, compared with the control group), despite 
the brevity of exposure. Exposure to 0.1% halothane 
produced more injury than exposure to hypoxia alone 
in fed rats (p < 0.02), but not in starved rats. A 
statistical difference between the scores of starved 
and fed rats appeared only in the control group (p < 
0.05). The only other significant difference appeared 
in a comparison of starved rats given 0.1% versus 
2.5% halothane (p < 0.01). 


Discussion 


Several reports suggest that the value of Km (the 
concentration at which half-saturation of enzymes 
occurs) for halothane metabolism is well below that 
required for anesthesia: 0.03% in humans (7), 0.007% 
in rats (11), and 0.04% in swine (12). Although these 
values describe metabolism at normal oxygen concen- 
trations {i.e., oxidative metabolism), it has been re- 
ported that the cytochrome P-450 system mediates 
both oxidative metabolism and reductive metabolism. 
The kinetics of reductive metabolism of halothane 
have not been determined directly. However, Gan- 
dolfi et al (13) reported Km values of 0.11 to 0.22 mm 
for the covalent binding of metabolites of radioactive 
halothane to microsomal protein and lipid when in- 
cubated under nitrogen in vitro. Assuming a solution/ 
gas partition coefficient of 1, 0.11 to 0.22 mm converts 
to 0.28% to 0.56% halothane. As these figures appar- 
ently were based on the volumes of halothane injected 
rather than on direct measurements of halothane con- 
centration, losses of halothane vapor could cause a 
significant overestimate of the Km, which in any case 
is in the subanesthetic range. 

If the reductive metabolism of halothane saturates 
at a trace or subanesthetic concentration, the amount 
of metabolites should be proportional to the dose of 
halothane at lower concentration, and should be pro- 
portional to exposure time at higher concentrations. 
Once the Ky is significantly exceeded, further in- 
creases in the concentration of a substance that is 
toxic by virtue of its metabolism should not further 
increase toxicity. The case of 1,1-dichloroethylene 
shows this plateau in toxicity by saturation of metab- 
olism (14). The mortality of rats is proportional to the 
concentration of 1,1-dichloroethylene inhaled be- 
tween 100 and 200 ppm, but shows a plateau at 
greater than 200 ppm (0.02%). 

This evidence suggests that if the intermediates of 
reductive metabolism of halothane play a major role 
in causing hepatic damage, the severity of such dam- 
age in our model should have been greater at the 
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lower concentrations than at the higher concentra- 
tions. However, that was not the case. On the other 
hand, the degree of liver hypoxia may be directly 
related to the concentration (but not dose) of halo- 
thane. Higher halothane concentrations might pro- 
duce liver hypoxia by hypoventilation, or by depres- 
sion of hepatic blood flow, or by an adverse redistri- 
bution of flow (e.g., an increase in portal flow at the 
expense of hepatic artery flow). Thus, our results 
suggest that liver hypoxia per se may be a more 
important factor than metabolism of halothane in 
causing hepatic damage. 

However, it should be noted that there is an alter- 
native explanation for our results which would still 
sustain the hypothesis that reductive halothane me- 
tabolism is important to hepatic injury. Because the 
reductive metabolism of halothane is inhibited by 
oxygen (15), the rate of this process may have been 
increased by the more severe hypoxia produced by 
the higher concentrations of halothane in our study. 

We deprived half of our rats of food for 24 hours 
before exposure to hypoxia because Van Dyke’s re- 
sults (5) suggested that starvation increases the vul- 
nerability of the liver to injury. Starvation depletes 
liver tissue of glutathione (16), which acts as an anti- 
dote against various hepatotoxic chemicals (15). How- 
ever, two reports (1, 17) suggest that reductive inter- 
mediates of halothane do not conjugate to glutathione. 
Only in our control group did starved rats show 
significantly more damage than fed rats. Perhaps this 
result indicates that starvation makes liver tissue more 
vulnerable to hypoxia, but that this effect is masked 
by addition of halothane. 
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Although intravenous nitroglycerin has been used to control the hypertensive response during sternotomy in patients 
undergoing myocardial revascularization, the effects of the drug on myocardial oxygen supply and demand have not 
been described in this clinical setting. Eight adult patients with good ventricular function (ejection fraction >50%), who 
were anesthetized for coronary artery bypass, were studied before and after administration of intravenous nitroglycerin 
(mean dose 12 ng/kg in 6 minutes). Evaluation of myocardial metabolism showed an increase in coronary sinus 
oxygen content (p < 0.05) and a reduction in myocardial oxygen consumption (p < 0.05). Although mean myocardial 
lactate extraction and coronary sinus blood flow were not significantly altered in the group as a whole, variations in 
individual patient responses were observed and are discussed. These direct observations of global myocardial 
metabolism observed in this study group are similar to the conclusions reached by other investigators using indirect 
indices of myocardial oxygen supply and demand. 


Key Words: SURGERY: cardiovascular; ANESTHESIA: cardiovascular; ANESTHETIC TECHNIQUES: hypotensive, 


nitroglycerin. 


LYCERYL TRINITRATE (nitroglycerin) has 
been the drug of choice for relieving myocardial 
ischemia for more than 100 years (1). Recently, nitro- 
glycerin administered intramuscularly (2) and intra- 
venously (3) has been used during anesthesia to con- 
trol hypertension and avoid myocardial ischemia be- 
fore (3), during (4-8), and after surgery (9) in patients 
undergoing myocardial revascularization. The sys- 
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temic hemodynamic effects of intravenous nitroglyc- 
erin have been described in detail in such a setting. In 
the varying doses (up to 96 pg/min) used in these 
studies, the drug caused a consistent dose-dependent 
decrease in systemic and pulmonary arterial, pulmo- 
nary capillary wedge, and right atrial pressures (3, 4, 
6-8). Although indirect indices of myocardial oxygen- 
ation indicate a decrease in myocardial oxygen de- 
mand when intravenous nitroglycerin is used to con- 
trol intraoperative hypertensive responses in patients 
undergoing surgery for myocardial revascularization 
(7, 8), the associated myocardial metabolic effects of 
the drug have not been reported. The goal of the 
present study was to examine the effects of intrave- 
nous nitroglycerin on the coronary circulation and 
myocardial metabolism in patients anesthetized for 
myocardial revascularization when the drug is used 
to control the hypertensive response to sternotomy. 


Methods and Materials 


After informed consent was obtained, eight male 
patients (mean age, 56 + 8 (SD) years) were studied 
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according to a protocol approved by our Human 
Subjects Committee. All patients had significant cor- 
onary arterial disease (>50% diameter narrowing, 
range of diseased vessels, 1 to 3), and were scheduled 
for elective coronary artery bypass grafting within 4 
weeks of diagnostic cardiac catheterization. Although 
five patients had remote myocardial infarctions, all 
had good ventricular function with ejection fractions 
greater than 0.52 at the time of catheterization. All 
patients had normal sinus rhythm. Excluded from our 
study were patients with diabetes mellitus, valvular 
heart disease, arterial hypertension (diastolic blood 
pressure > 105 mm Hg), significant pulmonary dis- 
ease, left ventricular end-diastolic pressure (LVEDP) 
>20 mm Hg at rest or >15 mm Hg after nitroglycerin, 
and patients with myocardial infarction within 2 
weeks of surgery. Patients with angiographically min- 
imal (trace) mitral regurgitation were included. Pa- 
tients 1 and 5 (Table 1) were taking propranolol and 
patients 5, 6, and 7 were being treated with long- 
acting nitrates. All medications were continued until 
the night before surgery. Premedication consisted of 
secobarbital, 100 mg, orally the night before surgery, 
and 3.0 mg/kg orally 1 hour before going to the 
operating room. In addition, five patients had intra- 
venous propranolol (mean dose 7.8 mg) 1 hour before 
anesthesia. 

In the operating room the following catheters were 
inserted: (a) an 18-gauge cannula into the radial artery; 


TABLE 1 


(b) a thermodilution triple-lumen catheter (Edwards 
Laboratories, Santa Ana, CA) into the pulmonary 
artery via the right internal jugular vein, using the 
Seldinger technique; and (c) a thermodilution coro- 
nary sinus catheter (Wilton-Webster Laboratories, 
Altadena, CA) through the same internal! jugular vein 
into the coronary sinus by fluoroscopy so that the 
external thermistor was 10 to 20 mm inside the cor- 
onary sinus. 

Patients 4 and 7 were anesthetized with morphine 
(1 mg/kg) and oxygen, and the rest with halothane in 
oxygen. Induction of anesthesia with halothane began 
with up to 2.5% halothane inspired in oxygen, and 
thereafter anesthesia was maintained with 0.5% to 
1.0% halothane in oxygen. Ventilation was controlled 
mechanically. Control measurements were performed 
after the sternum was incised. A nitroglycerin infusion 
was then started and rapidly titrated to maintain mean 
arterial pressure less than 90 mm Hg. The dose of 
nitroglycerin infused and the time of infusion for each 
patient are listed in Table 1. No other drugs were 
administered and intravenous fluids other than those 
given with the nitroglycerin infusion were not given 
during the study period. The infusion contained 100 
ug/ml of nitroglycerin and was prepared in a standard 
fashion in our hospital pharmacy (4). 

Coronary blood flow was measured by the ther- 
modilution technique as described by Ganz et al (10). 
Arterial and coronary sinus blood samples were ob- 


Hemodynamic Responses to Intravenous Nitroglycerin after Sternotomy in Patients Undergoing Myocardial 


Revascularization* 


Interven- 


Before 
After 
Before 
After 
Before 
After 
Before 


-i 


After 
Before 
After 
Before 
After 
Before 
After 
Before 
After 
Before 
After 


Qo N O ù A o N 


Mean t SD 2.1 = 14, 621 





dyne. sec- 
es L/min/m? 


2850 1.52 
947 3.06 
1724 2.47 
1010 2.42 
1823 1.67 
542 3.55 
2909 1.60 
1112 2.28 
880 3.13 
656 2.74 
1600 2.28 
2.52 


* Abbreviations used are: NTG, nitroglycerin; HR, heart rate; MAP, systemic mean arterial pressure; PA, mean pulmonary arterial pressure; SVR, 
systemic vascular resistance; PCW, mean pulmonary capillary wedge pressure; RA, mean right atrial pressure; Cl, cardiac index; SVI, stroke volume 


index; SWI, stroke work index; NS, not significant. 
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tained simultaneously for measurement of lactate and 
oxygen concentrations. Lactate was measured in du- 
plicate by modification of the Marbach method (11). 
Blood samples were analyzed immediately for he- 
moglobin and oxygen saturation (IL Co-Oximeter 
model 282). Systemic and pulmonary arterial, pul- 
monary capillary wedge, and right atrial pressures 
were measured and recorded on paper using a six- 
channel chart recorder (VR-6 Electronics for Medi- 
cine). Cardiac output was measured by thermodilu- 
tion. Arterial blood pressure, the electrocardiogram, 
and the patient's clinical condition were continually 
monitored. Measurements were repeated after the 
blood pressure had become stabilized during the ni- 
troglycerin infusion (mean time, 6 + 1 minutes). 
Hemodynamic indices were calculated from meas- 
ured variables according to standard formulas (12). 
Metabolic indices were calculated as follows: 
lactate extraction ratio 


_ ART (lactate) — CS (lactate) 
ART (lactate) 


where ART (lactate) is the arterial lactate concentra- 
tion (meq/L) and CS (lactate) is the coronary sinus 
lactate concentration (meq/L). 


MVo, = CBF x [ART (oxygen) — CS (oxygen) | 


where MVo, is oxygen consumption of the myocar- 
dium drained by the coronary sinus (predominantly 
the left ventricular myocardium) and CBF is coronary 
sinus blood flow. 

Statistical evaluation was done by using the Wil- 
coxon paired test comparing measurements before 
and after administration of nitroglycerin in each pa- 
tient (13). Results are expressed as means + SD. A p 
value of less than 0.05 was considered statistically 
significant. 


Results 


Hemodynamic data before and after the nitroglyc- 
erin infusion for each patient are shown in Table 1. 
In each patient, nitroglycerin decreased calculated 
systemic vascular resistance (mean 44%, p < 0.05). 
This was accompanied by a decrease in the mean 
arterial pressure in each patient, with a 32% decrease 
for the entire group (p < 0.05). The reduction in 
afterload was accompanied by a decrease in preload 
in each patient, as reflected by decreases in pulmonary 
capillary wedge pressure (mean 43%, p < 0.05) and 
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right atrial pressure (mean 30%, p < 0.05). Mean 
pulmonary arterial pressure decreased in seven pa- 
tients and for the group (mean 42%, p < 0.05). Al- 
though modest variations were observed in responses 
of individual patients, there were no significant alter- 
ations in the heart rate, cardiac index, stroke volume 
index, and stroke work index for the group. 

Patients 4 and 7, who had morphine anesthesia, 
had the highest mean arterial pressures (122 and 126 
mm Hg) before nitroglycerin, and patient 7 required 
5.2 g/kg/min of nitroglycerin to control the blood 
pressure response to sternotomy. In contrast, the 
mean control blood pressure for patients receiving 
halothane anesthesia was 100 mm Hg. In patients 2 
and 5, both given halothane anesthesia, the decrease 
in blood pressure after nitroglycerin was excessive, 
with mean arterial pressures reaching 58 and 55 mm 
Hg, respectively, and with small reductions in cardiac 
index. 

Myocardial metabolic findings for each patient are 
shown in Table 2. An increase in coronary sinus 
oxygen content was observed in six patients, with a 
22% increase in mean coronary sinus oxygen content 
for the group (p < 0.05). This resulted in a reduction 
in myocardial oxygen consumption in each patient, 
with a 36% decrease for the group (p < 0.05). In 
patient 2, an adequate blood sample could not be 
withdrawn from the coronary sinus catheter during 
the control measurements. 

Although no statistically significant changes were 
seen in the mean coronary hemodynamics for the 
group, variations in the individual patient responses 
were present. Coronary blood flow decreased in five 
patients, especially when coronary perfusion pressure 
(mean arterial pressure) decreased. Despite this re- 
duction in myocardial oxygen supply, coronary sinus 
oxygen content was consistently increased suggesting 
a significant actual overall reduction in myocardial 
oxygen needs with nitroglycerin. 

Although as a group the mean myocardial lactate 
extraction increased by 33%, individual patient re- 
sponses were variable, with lactate extraction increas- 
ing in four patients and decreasing in two patients. In 
patient 3 lactate production before administration of 
nitroglycerin reverted to lactate extraction after drug 
administration. Lactate extraction probably decreased 
in patient 2, although no sample was obtainable be- 
fore the drug was administered. 

Continued electrocardiogram monitoring revealed 
no alterations in cardiac rhythm, ST segments, or T 
waves. 


A 
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TABLE 2 
Myocardial Metabolic Responses to Intravenous Nitroglycerin after Sternotomy in Patients Undergoing Myocardial 
Revascularization* 
Patient no. Intervention CBF CVR CS-O2 MVo, MLE RPP 
ml/min mm Hg/mt/min mi Q2/dl ml/min % 
1 Before 78 1.46 5.5 8.6 30 14,973 
After 59 1.29 6.0 §.5 40 9,350 
2 Before 84 1.06 — —- — 8,250 
After 38 1.34 6.3 2.1 —37 4,539 
3 Before 188 0.48 6.1 22.9 —7 16,065 
After 188 0.30 9.3 14.1 34 10,028 
4 Before 76 1.47 7.9 7.0 7 11,765 
After 27 2.26 7.8 2.4 14 6,177 
5 Before 84 0.82 4.0 8.2 21 6,600 
After 58 0.78 4.7 4.6 16 4,018 
8 Before 148 0.57 6.1 13.6 37 9,821 
After 174 0.44 8.5 11.5 38 7,865 
7 Before 66 1.79 8.3 7.1 31 10,726 
After 69 1.23 10.7 5.0 18 7,874 
8 Before 91 0.99 6.2 7.9 33 9,536 
i After 60 1.03 6.7 5.2 42 6,272 
Mean + SD Before 102 + 43 1.08 + 0.46 6.3 + 1.4 10.8 + 5.8 21.7+16 10,967 + 3,219 
After 84 + 61 1.08 + 0.61 7.7 + 2.0 6.9 + 4.2 28.9 4 12 7,015 + 2,150 
NS NS p < 0.05 p < 0.05 NS p< 0.05 


E Abbreviations used are: CBF, coronary blood flow; CVR, coronary vascular resistance; CS-0O,, oxygen content in coronary sinus 
blood; MVo,, myocardial oxygen consumption; MLE, myocardial lactate extraction; RPP, rate-pressure product; NS, not significant. 


Discussion 

Intravenous nitroglycerin can be used in patients 
with coronary artery disease undergoing myocardial 
revascularization to control hypertensive responses 
during intubation and sternotomy (4-8). The clinical 
usefulness of the drug in this setting must be viewed 
in the context of both its hemodynamic effects and 
myocardial metabolic cost. This study examined the 
myocardial metabolic cost, specifically, the change in 
myocardial oxygen supply and demand. 

It is important to describe the patients studied in 
accurate detail, because the results obtained in one 
clinical or hemodynamic setting may not apply to all 
patients. All our patients had chronic stable angina or 
medically responsive unstable angina with significant 
coronary disease. Although five of our patients gave 
a history of one or more previous documented my- 
ocardial infarctions, myocardial function, as evaluated 
by ejection fraction, was well preserved. 

The mean dose of intravenous nitroglycerin used 
in this study was 2.1 ug/kg/min infused over 6 min- 
utes. It is our clinical experience that large doses are 
often required to control intraoperative hypertension. 
Similar to findings of previous studies, the drug 
caused a significant reduction in arterial and pulmo- 
nary blood pressure with a concomitant decrease in 


right atrial and pulmonary capillary wedge pressures 
(3-9). Although Kaplan and Jones (8) observed an 
increase in the heart rate with nitroglycerin at a dose 
of 96 pg/min, this effect was not seen in our patients. 
The increase in cardiac index that would have oc- 
curred with the reduction in afterload in our patients 
was most likely offset by the simultaneous significant 
reduction in preload, resulting in no observed altera- 
tions in the cardiac index. 

With regard to myocardial metabolism, nitroglyc- 
erin decreased myocardial oxygen needs, as shown 
by a significant increase in coronary sinus oxygen 
content without a change in arterial content. This 
appears as a reduction in the calculated myocardial 
oxygen consumption. A similar conclusion was 
reached by Kaplan and Jones (8) using rate-pressure 
product, triple index, and tension time index as indi- 
rect indices of myocardial oxygen consumption. In 
addition, the study by Hempelmann et al (7) in pa- 
tients receiving a 2-mg/h nitroglycerin infusion dur- 
ing sternotomy, indicated a reduction in myocardial 
oxygen demand, using different indirect indices for 
calculation of myocardial oxygen consumption. 

The modest reduction in mean coronary blood flow 
observed in our patients was most likely related to a 
reduction in the coronary perfusion pressure (mean 
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arterial pressure) and is in agreement with the obser- 
vation of Kaplan and Jones (8), who suggested a 
reduction in coronary blood flow using the coronary 
perfusion pressure (diastolic blood pressure minus 
pulmonary capillary wedge pressure) as an index of 
myocardial oxygen supply. 

Another measure of myocardial oxygenation in- 
volves lactate metabolism. Under aerobic conditions, 
more than 20% of arterial lactate is extracted by the 
myocardium and used for adenosine triphosphate 
formation (14). Myocardial lactate production indi- 
cates anaerobic metabolism resulting from hypoxia or 
anoxia. Although myocardial lactate extraction of less 
than 10% has been cited as an indicator of ischemia, 
this concept has recently been questioned (15). In our 
patients, although no significant alteration in the 
mean myocardial lactate extraction was observed, in- 
dividual variations were noted as described above. 

The limitations of the technique used for measuring 
coronary sinus blood flow in this study have been 
summarized elsewhere (16, 17). We feel that this 
technique provides meaningful data regarding the 
magnitude and direction of changes in coronary blood 
flow when measured sequentially in the same patient. 
A potential technical criticism of the validity of cor- 
onary sinus blood flow determination by the ther- 
modilution technique is present when right atrial 
pressure is elevated (18). In all of our patients, the 
positional stability of the catheter in the coronary 
sinus and the absence of major reflux into the mouth 
of the coronary sinus were assessed as suggested by 
Mathey et al (18). 

On the basis of our data, certain cautions must be 
kept in mind when interpreting the effects of nitro- 
glycerin on myocardial metabolism in patients with 
coronary artery disease. Alterations in regional my- 
ocardial blood flow, collateral blood flow, and re- 
gional myocardial metabolism, particularly in areas of 
coronary obstruction, may not be reflected in the 
overall global evaluation of myocardial metabolic 
function. Such a phenomenon may have occurred in 
patients 5 and 7, who showed a reduction in myocar- 
dial lactate extraction with an increase in coronary 
sinus oxygen content. 

It is essential to note some of the individual patient 
responses described above to appreciate the potential 
of the effect of nitroglycerin during anesthesia in 
patients with coronary artery disease. The drug does 
control the hypertensive response to sternotomy in 
anesthetized patients, and, in fact, can produce relief 
of ischemia as manifested by a reversal of lactate 
production to extraction. On the other hand, an ex- 
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cessive hypotensive response can occur with a reduc- 
tion in coronary perfusion pressure and reductions in 
coronary blood flow and lactate extraction. 

In summary, we have documented the cardiovas- 
cular effects of intravenous nitroglycerin during an- 
esthesia in patients with obstructive coronary artery 
disease undergoing myocardial revascularization. The 
systemic hemodynamic effects observed are similar 
to those previously described. As concerns global 
myocardial metabolism, we found an increase in cor- 
onary sinus oxygen content. These direct observations 
on global myocardial metabolism for the group are 
similar to the conclusions reached by other investi- 
gators using indirect indices of myocardial oxygen 
supply and demand. 
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Onset and Progression of Intravenous Regional 
Anesthesia with Dilute Lidocaine 


Bruno J. Urban, MD,* and Carey W. McKain, MD} 


URBAN, B. J., AND MCKAIN, C. W.: Onset and progression of intravenous regional anesthesia with dilute lidocaine. 
Anesth Analg 1982;61:834-8. 


intravenous regional anesthesia was induced in seven healthy volunteers using dilute lidocaine solution. Onset and 
progression were documented by sequential detailed neurologic examinations and compared with changes following 
intravenous regional administration of normal saline. On average, lidocaine produced sensory loss earliest on the 
radial forearm and in the first dorsal web space, although the sequence of development of analgesia was variable, 
e.g., fingertip analgesia could occur before or after forearm sensory loss. Motor paralysis could precede or follow 
sensory loss in tissues supplied by the same peripheral nerve; the only consistent finding was persistence of strength 
in the flexor digitorum profundus of the little finger. The pattern of development of intravenous regional anesthesia was 
related to the anatomic distribution of the peripheral nerves; it is hypothesized that the primary mechanism of action 


is block of the small distal nerve branches. 


Key Words: ANESTHETIC TECHNIQUES, Regional: intravenous. 


A LTHOUGH introduced in 1908 and the subject 
of considerable investigation since, the mecha- 
nism of action and even the pattern of development 
of intravenous regional anesthesia remain controver- 
sial. Reported development of early fingertip analge- 
sia contrasts with a noted persistence of sensation in 
distal parts. The effects of ischemia may further com- 
plicate evaluation (1). The aim of this study was to 
detail the neurologic progression of intravenous re- 
gional block with the view of defining where and how 
it produces its effect. Dilute lidocaine solution pro- 
duced slow onset which allowed sequential exami- 
nation. 


Methods and Materials 


Seven healthy volunteers (two nonpregnant women 
and five men; age, 27 to 45 years) were subjected to 
intravenous regional block of the nondominant arm 
using a standard technique (2). A plastic intravenous 
cannula was placed in an ulnar dorsal hand vein, and 
a tourniquet was applied to the upper arm. Exsan- 
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guination with an Esmarch bandage preceded tour- 
niquet inflation to 250 torr for 20 minutes. 

Analgesia was induced by injecting a dilute solution 
of lidocaine (0.25%, 40 ml) without preservative into 
the bloodless extremity. These experiments served as 
controls in a study on the effects of intravenous 
regional reserpine and guanethidine. For this reason 
injections were repeated with 1 mg of reserpine added 
to 40 ml of 0.25% lidocaine. Five volunteers under- 
went block with both solutions, lidocaine and lido- 
caine with reserpine; one subject received only lido- 
caine and another one received only lidocaine with 
reserpine. Two volunteers also received 40 ml of 
normal saline, and again 1 mg of reserpine in 40 ml 
of normal saline, substituted for the local anesthetic. 
A total of 16 experiments were documented. The 
protocol was approved by the hospital human exper- 
imentation committee. Informed consent was ob- 
tained from all subjects. 

The following examinations were performed at 5- 
minute intervals after injection and again 10 minutes 
after tourniquet release: surface sensation was as- 
sessed with pin scratch (safety pin), cold (ice cube), 
and light touch (brush). Only presence or absence of 
these modalities was recorded. Six skin areas were 
chosen for their representation of smaller branches of 
peripheral nerves (Fig 1): radial forearm, musculocu- 
taneous nerve; dorsal first web space, superficial 
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Fig 1. Schematic drawing of nerves to forearm and hand. 
Shading denotes skin area chosen for sensory examination. 


branch of radial nerve; index finger tip, digital branch 
of median nerve; thenar eminence, palmar cutaneous 
branch of median nerve; little fingertip, digital branch 
of ulnar nerve; and hypothenar eminence, palmar 
cutaneous branch of ulnar nerve. Position sense was 
assessed both by discrete motion of the distal inter- 
phalangeal joint of the index finger and by motion of 
the wrist. Vibratory sense was tested with a tuning 
fork (128 Hz) on the distal radial condyle of the 
middle phalanx of the index finger and on the ulnar 
and radial styloid processes. 

Motor function was evaluated in five muscles, again 
chosen for their innervation by different branches of 
peripheral nerves (Fig 2): flexor pollicis longus, prox- 
imal median nerve; opponens pollicis, distal median 
nerve; first dorsal interosseous, distal ulnar nerve; 
little finger flexor digitorum profundus, proximal ul- 
nar nerve; and extensor carpi radialis brevis/longus, 
radial nerve. 

Motor function was graded and recorded on a 0 to 
5 scale (5, normal; 4, ability to move against resistance; 
3, ability to overcome gravity only; 2, ability to move 
with but not against gravity; 1, trace or palpable 
contraction; 0, no contraction) (3). 

Sympathetic integrity was assessed with psycho- 
galvanic skin reflex. This was recorded on a single 
channel electrocardiograph machine (Hewlett-Pack- 
ard, model 1512A) with the electrodes of lead II 
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Fig 2. Schematic drawing of nerves to forearm and hand indi- 
cating motor branches to muscles tested. Abbreviations used 
are: FPL, flexor pollicis longus; FDI, first dorsal interosseus; 
FDP5S, little finger flexor digitorum profundus. 


connected to the dorsal and palmar surfaces of the 
hand. The reflex was elicited by electrical stimulation 
(30 Hz) applied to the left leg, adjusted to produce an 
unpleasant but not painful paresthesia. 


Results 


Results from the four experiments using saline 
alone, and with 1 mg of reserpine added to saline, 
were indistinguishable. During tourniquet inflation, 
surface and position sensation were fully preserved 
when tested after 5 and 10 minutes. Vibratory sense 
was unaltered at 5 minutes; it was absent 10 minutes 
following tourniquet inflation except for one instance 
in which it remained present at the ulnar and radial 
styloids. Motor power remained unaffected at 5 min- 
utes; it decreased minimally to an average of 4.7 after 
10 minutes of tourniquet inflation. Psychogalvanic 
skin reflex was present at the 5- and 10-minute ex- 
aminations. 
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INTRAVENOUS REGIONAL ANESTHESIA 


After 15 minutes of tourniquet inflation, changes 
in surface sensation occurred. They were more pro- 
nounced at 20 minutes, but complete surface sensory 
block was never realized. Position sense disappeared 
at the 20-minute examination. Motor power decreased 
to an average of 2 at 20 minutes. 

No difference was observed between the examina- 
tions after lidocaine alone and after lidocaine with 
reserpine; they will be noted together. Only data for 
the 5- and ten-minute examinations following tour- 
niquet inflation will be reported; 15- and 20-minute 
values were discarded. The neurologic deficits seen at 
these intervals could not be differentiated from the 
effects produced by tourniquet and/or saline. In gen- 
eral, analgesia continued to increase to the 20-minute 
interval, with three subjects attaining surgical anes- 
thesia. 

Sensory data are summarized in Table 1; reported 
values are averages of the lidocaine and lidocaine/ 
reserpine experiments in all subjects (12 observa- 
tions). On average, surface sensation decreased earli- 
est in the radial forearm and to a lesser extent at the 
first dorsal web space. In some individuals sensation 
was not decreased equally in different branches of the 
same nerve, e.g., proximal areas (thenar and hypoth- 
enar) were anesthetic, whereas distal parts (index and 
little fingertips) remained sensitive, or vice versa. 
Touch was less affected than was ability to detect 
cold, pin scratch, and vibration, but followed the same 
pattern of progression. Position sense was preserved, 
except for two observations at 10 minutes. 

Decrease in motor function was highly variable 
between subjects, but consistent in the same subject 
from one experiment to another. The only discernible 
pattern was persistence of muscle strength in the 
flexor digitorum profundus of the little finger even 
beyond the 10-minute examination. The average de- 
crease of strength of each muscle group at the 5- and 
10-minute intervals is reported in Table 2 (12 obser- 


TABLE 2 


Average Motor Strength following Intravenous Regional 
Block with 0.25% Lidocaine* 








Muscle 5 min 10 min 
FPL. 2.2 1.6 
Opponens 3.9 2.8 
FDI 3.3 3.0 
FDP 5 4.2 3.7 
Wrist extensor 3.0 1.9 





* Abbreviations used are: FPL, flexor pollicis longus; FDI, first 
dorsal interosseus; FDP 5, little finger flexor digitorum profun- 
dus. 


vations in seven subjects). Psychogalvanic skin reflex 
decreased throughout the experiment; it was absent 
in four subjects at 5 minutes, and in six at 10 minutes. 

Ten minutes after release of tourniquet, all sensory 
and motor function had returned to preexperimental 
values in all experiments. 


Discussion 


Onset and progression of intravenous regional an- 
esthesia have shown considerable variation in pre- 
vious reports. A pattern of early analgesia in the 
fingertips with subsequent proximal spread has been 
observed (4, 5). Contrarily, persistence of sensation in 
the fingertips in the presence of forearm and hand 
analgesia has also been noted (6). Neurologic deficit 
from ischemia alone may be difficult to separate from 
the effect of the local anesthetic (1, 7, 8). 

In this study, the results when saline alone was 
injected indicate that ischemia per se produced min- 
imal neurologic deficits consisting of slight decrease 
of motor power and absent vibration sense during the 
first 10 minutes of observation. Thus, changes in 
surface sensation during the first 10 minutes of an- 
esthesia reflected the effect of local anesthetic only. 
These changes could be discretely evaluated with the 
dilute lidocaine solution with its slow onset and pro- 
gression of analgesia. 





TABLE 1 
Average Examinations of Surface Sensation following Intravenous Regional Block with 0.25% Lidocaine* 
§ min 10 min 
Skin area 
Pin Cold Touch Pin Cold Touch 
Forearm radial 83% (10) 92% (11) 25% (3) 100% (12) 100% (12) 50% (6) 
1st web space 58% (7) 75% (9) 8% (1) 75% (9) 92% (11) 25% (3) 
Fingertip 2 25% (3) 25% (3) 0% (0) 42% (5) 42% (5) 17% (2) 
Thenar 8% (1) 17% (2) 0% (0) 33% (4) 33% (4) 17% (2) 
Fingertip 5 16% (2) 42% (5) 8% (1) 42% (5) 58% (7) 33% (4) 
Hypothenar 25% (3) 42% (5) 8% (1) 66% (8) 58% (7) 25% (3) 





* Percentage refers to the average loss of this modality; values in parentheses denote the number of subjects showing loss. 
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Early analgesia was found in a strip along the dorsal 
radial aspect of the forearm and hand, areas inner- 
vated by the musculocutaneous and superficial radial 
nerves, respectively. In individual subjects, however, 
the sequence of development of analgesia was ran- 
dom; fingertip analgesia could precede or follow fore- 
arm sensory loss. Patterns were consistent, however, 
on repeat examination in the same subject. Position 
sense was only minimally affected, reflecting the low 
concentration of drug. Vibratory sense was dimin- 
ished earlier when lidocaine was injected than when 
saline was used; however, the effects of tourniquet 
inflation could not be separated from those produced 
by lidocaine. On motor examination the only pattern 
was persistence of good strength in the flexor digito- 
rum profundus of the little finger. 

Sensory loss followed the sequence of classic dif- 
ferential block, with cold and pin sensations being 
affected before touch. Position sense was always af- 
fected last. Motor loss could precede or follow sensory 
loss in tissues supplied by the same peripheral nerve. 
Early loss of motor function agrees with the results of 
recent animal experiments showing that larger fast- 
conducting nerve fibers (e.g., motor) are more sensi- 
tive to local anesthetics than smaller slow-conducting 
fibers (e.g., pain and some sensation) (9). Thus, motor 
block may appear before onset of analgesia. Alterna- 
tively, intravenous regional anesthesia may act pri- 
marily on the small motor or sensory branches of 
peripheral nerves. As smaller nerves are more readily 
affected by dilute concentrations of local anesthetics 
and are of pure motor or sensory function, it is as 
likely that a motor branch would be blocked as a 
sensory branch. The order of sequence of blockade 
would depend on the distribution of drug through the 
venous system. This explanation is supported by our 
observation that the sequence in which neurologic 
changes developed in the distribution of any one 
sensory branch followed the classic pattern of sensi- 
tivity of sensory nerves to local anesthetics. 

The mechanism of action of intravenous regional 
anesthesia has remained controversial (1). Present 
evidence favors the production of nerve block anes- 
thesia, and radiographic contrast studies have sug- 
gested nerves in the elbow region to be the most 
likely target (4). However, this does not explain the 
speed of onset and short recovery time (1, 10). In 
addition, the persistence of sensation in areas with 
insufficient circulation is not compatible with this 
hypothesis (6, 11). 

These discrepancies are resolved by the concept 
that the primary site of action of local anesthetics is 


on small peripheral nerve branches. This is illustrated 
in our study by the occurrence of analgesia in one 
branch of a specific nerve with persistence of sensa- 
tion in another branch of the same nerve. Primary 
action on the distal nerve branches still agrees with 
the findings supporting the hypothesis that intrave- 
nous regional anesthesia is produced by multiple 
peripheral nerve blocks, but it satisfies the objections. 
Rapid onset may be explained by the greater suscep- 
tibility of small nerves to local anesthetics. Low con- 
centrations used in regional block are diluted even 
further when spreading through the ischemic limb. 
The small amount of drug fixed by small peripheral 
nerves is adequate to produce axonal blockade be- 
cause of the large surface area in smaller distal 
branches, but may be rapidly removed when circula- 
tion is restored. This would explain the rapid recovery 
after tourniquet release. Reports showing absence of 
analgesia with poor circulation are based on obser- 
vations of fingertips. This study showed distal anal- 
gesia to be highly variable from subject to subject. 
Short observation periods or pooling of smaller vol- 
umes of anesthetic may account for persistent finger- 
tip sensation. 

The occurrence of distal analgesia when local an- 
esthetic is injected between two tourniquets remains 
to be explained (4, 12). In experiments demonstrating 
this phenomenon, large volumes or high concentra- 
tions of drug were injected into a relatively small 
space. The resulting concentrations of local anes- 
thetics were marginal for the production of conven- 
tional peripheral nerve block, but the relatively large 
exposed surface area of nervous tissue between the 
two tourniquets allowed delayed onset of distal block. 
The amount of drug absorbed into nerve fibers re- 
mained insufficient, however, to sustain anesthesia 
after circulation was restored, resulting in rapid re- 
covery. The rapid onset of analgesia between tourni- 
quets further supports the concept of small nerve 
block as the primary mechanism of anesthesia of 
intravenous regional anesthesia. 
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Prophylactic Intravenous Ephedrine Infusion during 
Spinal Anesthesia for Cesarean Section 
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KANG, Y. G., ABOULEISH, E., AND CARITIS, S.: Prophylactic intravenous ephedrine infusion during spinal anesthesia for 
cesarean section. Anesth Anaig 1982;61:839-—42. 


Ephedrine sulfate was administered to 44 healthy parturients undergoing elective repeat cesarean section under 
spinal anesthesia. Twenty patients received ephedrine infusion (0.01% solution, beginning with approximately 5 mg/ 
min) immediately after induction of spinal anesthesia to maintain maternal systolic blood pressure between 90% and 
100% of the base line systolic blood pressure (mean dose of ephedrine 31.6 mg). Twenty-four patients (control group) 
received 20 mg of ephedrine as an intravenous bolus, and additional 10-mg increments, if necessary, when systolic 
blood pressure decreased to 80% of the base line systolic blood pressure (mean dose of ephedrine 26.8 mg). In 
patients given the infusion, systolic blood pressure did not change significantly from the base line systolic blood 
pressure following spinal anesthesia (p > 0.1) and reactive hypertension did not occur. Nausea and/or vomiting 
occurred in nine women in the control group and one patient in the infusion group (p < 0.001). Apgar scores, fetal 
blood gas tensions, and time for onset of respiration were comparable in the two groups. The results suggest that 
prophylactic ephedrine infusion is safe and desirable in healthy parturients undergoing cesarean section under spinal 


anesthesia. 


Key Words: ANESTHETIC TECHNIQUES: spinal; ANESTHESIA: obstetric. 


N SPITE of left uterine displacement and prehy- 

dration, hypotension occurs in 50% to 80% of 
patients undergoing cesarean section under spinal 
anesthesia (1-3). Maternal hypotension may decrease 
uterine blood flow causing fetal hypoxia, acidosis, 
and neonatal depression (4). Additional measures 
have been suggested to prevent or treat maternal 
hypotension following spinal anesthesia. Shnider and 
associates (5) recommend that hypotension be treated 
by intravenous injections of ephedrine, whereas 
Gutsche (6) suggests that ephedrine be given intra- 
muscularly before induction of spinal anesthesia. 
Mathru and associates (7) have reported that prehy- 
dration with 5% albumin (15 mg/kg) prevented ma- 
ternal hypotension during spinal anesthesia. Clark 
and Brunner (8) treated maternal hypotension follow- 
ing spinal anesthesia with an intravenous infusion of 
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dopamine but found that dopamine was not superior 
to ephedrine. 

The techniques mentioned above were helpful in 
maintaining maternal blood pressure but there are 
potential disadvantages inherent in each of these tech- 
niques. The continuous intravenous infusion of 
ephedrine titrated against maternal blood pressure 
during spinal anesthesia in obstetrics has been sug- 
gested (9) but has not been adequately investigated. 

The purpose of this study was to determine whether 
prophylactic intravenous infusion of ephedrine can 
effectively maintain maternal blood pressure without 
adversely affecting the mother or fetus. 


Methods and Materials 


This study was approved by the Research, Review 
and Human Experimentation Committee of Magee- 
Womens Hospital and informed consent was ob- 
tained from each patient. Forty-four healthy partu- 
rients scheduled for elective, repeat cesarean section 
were randomly assigned to one of two groups (con- 
tinuous infusion or bolus injection of ephedrine). 
Patients arrived at a holding area 1 hour before in- 
duction of anesthesia. Maternal arterial blood pres- 
sure and heart rate were monitored at 10-minute 
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intervals with the patient in the left lateral position 
using a vital signs monitor (Dinamap model 845, 
Critikon). The means of the recorded values were 
regarded as the base line systolic blood pressure 
(BSBP) and heart rate. Each patient received an intra- 
venous infusion of lactated Ringer’s solution, 15 ml/ 
kg, within 20 minutes before induction of spinal 
anesthesia. With the patient in the left lateral position, 
tetracaine, 0.5% in 5% dextrose, was injected. The 
patient was then turned to the supine position with a 
15 degree wedge under the right hip for left uterine 
displacement. Oxygen, 6 L/min, was administered via 
a disposable plastic mask. Ephedrine (50 mg in 500 
ml of lactated Ringer’s solution) was piggybacked on 
the intravenous line using a 16-gauge needle and the 
infusion started in 20 patients immediately after the 
intrathecal injection of tetracaine. The infusion was 
administered at the rate of approximately 5 mg of 
ephedrine per minute (50 ml/min) for the initial 2 
minutes following the induction; thereafter, the rate 
of infusion was manually adjusted to maintain systolic 
blood pressure (SBP) between 90% and 100% of the 
BSBP. Once SBP was stabilized, the ephedrine infu- 
sion was discontinued and the intravenous line was 
“kept open” with lactated Ringer’s solution. If hypo- 
tension persisted despite the maximum infusion rate 
of the ephedrine, 10 mg of ephedrine was given 
intravenously as a bolus. Twenty-four patients (con- 
trol group) received 20 mg of ephedrine as an intra- 
venous bolus when SBP decreased to 80% of BSBP. 
When necessary, additional 10-mg boluses of ephed- 
rine were administered to maintain SBP greater than 
80% of BSBP. Thereafter, patients in both groups 
received lactated Ringer’s solution according to their 
requirements. 

From the time of induction to delivery, SBP, dia- 
stolic blood pressure, mean blood pressure, and heart 
rate were monitored and automatically recorded at 1- 
minute intervals, or more frequently when indicated, 
using a Dinamap monitor and electrocardiogram. Im- 
mediately after delivery, maternal arterial and umbil- 
ical arterial and venous blood samples were obtained 
from a maternal radial artery and a clamped segment 
of the umbilical cord. Measurements of pH, Pco,, and 
Po, were performed using a Corning model 168 blood 
gas analyzer and base deficit was calculated from the 
Siggaard-Andersen nomogram. The times of induc- 
tion of anesthesia, start of surgery, uterine incision, 
and delivery were recorded. 

A pediatrician, who was unaware of the group 
assignment, determined the 1- and 5-minute Apgar 
scores and time for onset of sustained rhythmic res- 
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piration. Parturients were instructed to report any 
unusual changes; thus nausea and vomiting were 
recorded as subjective complaints from patients. Pro- 
portional data were compared by chi-square analysis. 
Analysis of variance and the Newman-Keuls multiple 
range test were used to compare changes in blood 
pressure and heart rate. A p value of 0.05 was consid- 
ered statistically significant. 


Results 


The characteristics of the patients are shown in 
Table 1. There were no statistically significant differ- 
ences between the two groups in maternal age, grav- 
idity, maternal weight, neonatal weight, gestational 
age, base line blood pressure, level of sensory block, 
tetracaine dosage, prehydration volume, total hydra- 
tion volume up to delivery time, ephedrine dosage, 
induction-to-delivery time, and uterine-incision-to- 
delivery time. In the control group, five patients (21%) 
maintained SBP above 80% of the BSBP without va- 
sopressor. In the remaining 19 patients in the control 
group, systolic hypotension was treated with bolus 
injections of ephedrine. Two patients given infusions 
of ephedrine required a 10-mg bolus of ephedrine in 
addition to the ephedrine drip infusion to maintain 
SBP above 90% of the BSBP. Changes in SBP in the 
two groups are shown in the Figure. In patients given 
the infusion of ephedrine, SBP did not change signif- 


TABLE 1 
Characteristics of Two Groups of Patients* 


Infusion group Bolus injection 


r 
we) ee 34) 
Maternal 
Age (yrs) 29.8 + 4.2 29.9 + 3.1 
Gravidity 2.50 + 0.9 2.25 + 0.7 
Weight (ka) 78.0 + 12.6 73.3 + 10.0 
Base line SBP (torr) 124.8 + 7.9 122.0 + 6.8 
Level of anesthesia (T) 4.1 + 1.0 4.2 40.9 
Tetracaine dosage (mg) 7.8 + 0.7 7.9 + 0.6 


Prehydration (ml/kg) 

Hydration prior to 
delivery (ml/kg) 

Ephedrine dosage (mg) 

induction-to-delivery 
time (min) 

Uterine incision-to- 
delivery time (sec) 


14.3 + 1.9 15.4 + 2.1 
22.6 + 2.4 24.4 + 2.2 


31.6 + 8.8 26.8 + 9.8 
16.0 + 4.9 15.5 + 3.8 


70.5 £ 23.7 78.3 + 30.6 


Fetal 
Weight (g) 3428 + 324 3419 + 421 
Gestational age (wk) 39.0 + 0.7 39.3 + 0.8 


* Values are means + SD. There were no statistically signif- 
icant differences between the two groups. 
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icantly from preanesthetic levels. In the control pa- 
tients, SBP was significantly lower 5 and 7 minutes 
after induction of anesthesia. In the control group, 
systolic hypotension was most severe 5 minutes after 
induction of spinal anesthesia and SBP did not return 
to base line levels until approximately 6 minutes later 
in spite of aggressive treatment. Three patients in the 
control group (13%) experienced SBP greater than the 
base line values (13%, 15%, and 9% increase) com- 
pared with one patient in the infusion group (3%) (p 
= 0.1). The maximal increase in maternal heart rate 
was similar in both groups, from 93 to 113 + 13 beats 
per minute during the infusion of ephedrine and from 
96 to 119 + 17 beats per minute in the control group. 
With infusion of ephedrine, all patients maintained 
SBP above 70% of the BSBP, whereas, in the control 
group, in three patients (13%) SBP was less than 70% 
of BSBP (p = 0.1). 

Nausea and vomiting were significantly less fre- 
quent in the infusion group. One patient given ephed- 
rine by infusion (5%) experienced nausea compared 
with nine patients in the control group (36%) who had 
nausea and/or vomiting (p < 0.005). The lowest SBP 
of patients with nausea and/or vomiting in the control 
group was no lower than those without (96.4 + 10.8 
torr versus 95.4 + 10.5 torr, p > 0.1). 

In all neonates, the 1- and 5~minute Apgar scores 
were greater than 7, and time for onset of sustained 
rhythmic respiration was less than 90 seconds. Results 
of pH, Po,, Pco,, and base deficit of maternal arterial, 
umbilical venous, and umbilical arterial blood are 
shown in Table 2. There were no statisticaily signifi- 
cant differences between the two groups with regard 
to Apgar scores, time for onset of rhythmic respira- 
tion, blood gas tensions, or acid-base status. In each 
group, two neonates had a pH of umbilical venous 





TABLE 2 


Maternal and Fetal Acid-Base Status and Blood Gas 
Tensions* 





Bolus injection 


Infusion group (control) group 





Maternal arterial blood 


pH 7.43 + 0.03 7.44 + 0.03 
Po, (torr) 173 + 45 155 + 52 
Poo, (torr) 26.6 + 3.0 27.1 4 3.5 
Base deficit 4.3 + 2.2 3+23 
Umbilical venous blood 
pH 7.34 + 0.04 7.36 + 0.05 
Po, (torr) 28 +6 30 +6 
Peco, (torr) 37.4 + 4.2 38.3 + 5.4 
Base deticit 4.8 + 2.1 3.4 + 2.8 
Umbilical arterial blood 
pH 7.26 + 0.03 7.28 + 0.06 
Po, (torr) 15.0 + 5.7 15.5 + 3.1 
Poo, (torr) 50.2 + 5.4 50.1 + 5.1 
Base deficit 5.2 tt 2.2 4.0 + 3.1 





* Values are means + SD. There were no statistically signif- 
icant differences between the two groups. 


blood less than 7.30 (7.26, 7.26, 7.28, and 7.28). There 
was no correlation between maternal blood pressure 
and umbilical venous pH, umbilical arterial pH, um- 
bilical venous Po,, or umbilical venous Pco,, 


Discussion 


It is generally agreed that maternal hypotension 
during conduction anesthesia should be treated 
promptly and aggressively (9). As treatment is usually 
initiated when SBP reaches 100 torr and/or 70% to 
80% of the original level (10), we compared one group 
of patients who received conventional treatment (10) 
with another group of patients who received prophy- 
lactic ephedrine infusion to prevent decrease in SBP. 
We chose the percentage changes in SBP for treatment 
of hypotension because the percentage decrease in 
uterine blood flow correlates with the percentage 
decrease in, not the absolute value of maternal blood 
pressure (11). 

Ephedrine, administered as a bolus, is commonly 
used to treat hypotension. With this approach, signif- 
icant hypotension must inevitably exist for a period 
of time until the blood pressure is stabilized. On the 
other hand, if ephedrine is given as a bolus before 
hypotension occurs, some patients may develop re- 
active hypertension from unnecessary vasopressor. 

Various approaches to the treatment and preven- 
tion of postspinal hypotension have been suggested. 
Gutsche (6) administered ephedrine, 50 mg, intra- 
muscularly before spinal anesthesia and reported that 
SBP did not decrease more than 10% below the control 
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level. Reactive hypertension did occur, however, and 
the average increase in SBP was 16% above base line 
values. The disadvantages of the intramuscular route 
of administration of ephedrine are mainly the unpre- 
dictable absorption and the difficulty in predicting 
the peak effect of the vasopressor. Clark and Brunner 
(8) used an intravenous infusion of dopamine, but 
reactive hypertension occurred in 25% of their pa- 
tients and umbilical oxygen tension was reduced com- 
pared with a group of patients whose mothers were 
treated with bolus injections of ephedrine. Mathru 
and associates (7) investigated the effect of prehydra- 
tion with 5% albumin on spinal hypotension. Blood 
pressure was well maintained with this technique. 
However, the cost of albumin solution, and the pos- 
sible risk of overloading patients with unrecognized 
marginal cardiovascular reserve are disadvantages of 
this approach. 

The use of ephedrine as a continuous infusion 
titrated against maternal blood pressure appears to 
offer advantages compared with the above methods. 
The total dose of ephedrine and the total fluid load 
are similar to those used in cases treated by bolus 
injection of ephedrine. With an infusion of ephedrine, 
the drug dosage is readily controlled and altered to 
meet the clinical situations. If additional treatment is 
needed, supplemental bolus injection(s) of ephedrine 
can be used, but this should occur infrequently once 
experience with the infusion is obtained. Ephedrine 
can be delivered accurately by a rate-controlling de- 
vice. Although manual control of ephedrine infusion 
is not as accurate, it is practical, efficient, and safe as 
the purpose of ephedrine infusion is to maintain 
blood pressure, which requires constant monitoring 
and instant changes in the infusion rate. In our pa- 
tients given infusions of ephedrine, the dosage of 
ephedrine was titrated to maintain SBP within 90% to 
100% of base line value, and thus dramatic changes in 
pressure were not observed. The maternal benefit of 
our approach was evident in the decreased incidence 
of nausea and vomiting. 

Although maternal blood pressure was maintained 
nearer the BSBP with an infusion of ephedrine than 
with a bolus injection, umbilical blood gas tensions 
and acid-base states were similar. This is not surpris- 
ing because the hypotension in the control group was 
transient and we preloaded all patients with at least 
1 L of lactated Ringer’s solution shortly before induc- 
tion of spinal anesthesia; the risk of fetal acidosis in 
such a situation is therefore small (12). The fetal 
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outcomes for our two groups were comparable to 
those of other investigators (13-17) using general or 
epidural anesthesia. 

In summary, prophylactic intravenous infusion of 
ephedrine was safe and effective in healthy partu- 
rients undergoing cesarean section under spinal an- 
esthesia for the maintainance of maternal blood pres- 
sure close to base line level without causing significant 
maternal tachycardia, hypertension, nausea, and/or 
vomiting, or fetal compromise. 


REFERENCES 


1. Moya F, Smith B. Spinal anesthesia for cesarean section. JAMA 
1962;179:609-14, 

2. Eckstein KL, Marx GF. Aortocaval compression and uterine 
displacement. Anesthesiology 1974;40:92-6. 

3. Shnider SM. Anesthesia for elective cesarean section. In: Shni- 
der SM, ed. Obstetrical anesthesia. Baltimore: Williams & 
Wilkins, 1970:105. 

4. Hon EH, Reid BL, Hehre FW. The electronic evaluation of fetal 
heart rate. I], Changes with maternal hypotension. Am J Obstet 
Gynecol 1960;79:209-15. 

5. Shnider SM, deLorimier AA, Holl JW, Chapler FK, Morishima 
HO. Vasopressors in obstetrics. I. Correction of fetal acidosis 
with ephedrine during spinal hypotension. Am J Obstet Gyn- 
ecol 1968;102:911~9., 

6. Gutsche B. Prophylactic ephedrine preceding spinal analgesia 
for cesarean section. Anesthesiology 1976;45:462-5, 

7. Mathru M, Rao TLK, Kartha RK, Shanmugham M, Jacobs HK. 
Intravenous albumin administration for prevention of spinal 
hypotension during cesarean section. Anesth Analg 
1980;59:655-8. 

8. Clark RB, Brunner JA. Dopamine for the treatment of spinal 
hypotension during cesarean section. Anesthesiology 
1980;53:514-7, 

9. Abouleish E. Anesthesia and the compromized fetus. In: Gan- 
dera JA, Fraustro SA, eds. Anestesia obstetrica y perinatologia. 
Aldina, Mexico: Temas Selectos Imprenta, 1978:431~2. 

10. Wright RG, Snider SM. Hypotension and regional anesthesia 
in obstetrics. In: Shnider SM, Levinson G, eds. Anesthesia for 
Obstetrics, Baltimore: Williams & Wilkins, 1979:201. 

11. Greiss F Jr. Concepts of uterine blood flow. In: Wynn RM, ed. 
Obstetrics and gynecology annual. New York: Appleton-Cen- 
tury-Crofts, 1973:55-83. 

12. Caritis SN, Abouleish E, Edelstone DI, Mueller-Heubach E. 
Fetal acid-base state following spinal or epidural anesthesia for 
cesarean section. Obstet Gynecol 1980;56:610-5. 

13. Fox GS, Houle GL. Acid-base studies in elective caesarean 
sections during epidural and general anaesthesia. Can Anaesth 
Soc J 1971;18:60~71, 

14. Downing JW, Houlton PC, Barclay A. Extradural! analgesia for 
caesarean section: a comparison with general anaesthesia. Br J 
Anaesth 1979:51:367-74. 

15. Kalappa R, Ueland K, Hansen JM, Eng M, Parer JT. Maternal 
acid-base status during cesarean section under thiopental, N20, 
and succinylcholine anesthesia. Am J Obstet Gynecol 
1971;109:411-7. 

16. Cosmi EV, Marx GF. Acid-base status of the fetus and clinical 
condition of the newborn following cesarean section. Am J 
Obstet Gynecol 1968;102:378~-82. 

17. Fox GS, Smith JB, Namba Y, Johnson RC. Anesthesia for 
cesarean section: further studies. Am J Obstet Gynecol 
1979;133:15-9, 


ANESTH ANALG 
1982;61:843-6 


Morphine Increases Myocardial Infarction Size in Rats 
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MARKIEWICZ, W., FINBERG, J.P.M., AND LICHTIG, C.: Morphine increases myocardial infarction size in rats. Anesth 
Analg 1982:61:843-6. 


Morphine anesthesia is often recommended in patients with reduced cardiac reserve. As the effect of morphine on the 
balance between myocardial oxygen supply and demand is not well understood, the effect of large doses of morphine 
(3 mg/kg, subcutaneously) on experimental myocardial infarction size in the rat was evaluated. Morphine was 
administered 10 minutes before thoracotomy and coronary artery ligation. Myocardial infarction size was assessed by 
histologic techniques 48 hours later. Rats given morphine developed significantly larger infarctions than did rats 
receiving an injection of saline (45.8% of left ventricular area versus 35.3%, p < 0.05). The data indicate that morphine 


increases the area of myocardial ischemia when administered before coronary artery occlusion in rats. 


Key Words: ANALGESICS: morphine; HEART: myocardial infarction. 





ORPHINE anesthesia has been recommended 

and widely used for patients with limited 
cardiac reserve undergoing major surgery (1, 2). Many 
such patients have coronary artery disease and there- 
fore it is important to evaluate the effect of morphine 
on the balance between oxygen supply and demand 
of the myocardium. In a previous study, we evaluated 
the effect of morphine (1 mg/kg IV) on experimental 
myocardial ischemia in the anesthetized open-chest 
cat (3). Utilizing epicardial ST-T segment mapping to 
assess myocardial ischemia, we showed that morphine 
injected 5 minutes before coronary artery occlusion 
was associated with a significantly greater increase in 
ST-segment elevation after left anterior coronary ar- 
tery occlusion than was saline injected in control 
animals. The ST-segment mapping has certain limi- 
tations in the measurement of infarct size (4), and 
other methods have been developed to assess this 
parameter quantitatively. In this study, we utilized 
histologic techniques to evaluate the effect of mor- 
phine on experimental infarction size in the rat. 


Methods 


Two sets of experiments were performed. 
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Effect of Morphine in Rats with Coronary Artery 
Ligation 


Male Sprague-Dawley rats, weighing 180 to 333 g 
each, were randomly allocated to a control group or 
to a morphine-treatment group. Rats assigned to the 
morphine group received a subcutaneous injection of 
morphine hydrochloride, 3 mg/kg, 10 minutes before . 
anesthesia. Rats assigned to the control group received 
a subcutaneous injection of normal saline. The ani- 
mals were lightly anesthetized with ether, intubated, 
and ventilated with a mixture of room air and ether 
to maintain light anesthesia. Following opening of the 
left chest and pericardium, the left coronary artery 
was tied 2 to 3 mm from its origin and the chest 
closed (5, 6). The animals were ventilated with room 
air until they woke up and breathed spontaneously. 
They were then extubated and left to recover. The 
time interval from drug administration to extubation 
was 20 to 30 minutes. No specific monitoring was 
performed following extubation and no obvious dif- 
ference in waking-up time from anesthesia or breath- 
ing pattern was noted between the two groups of 
animals under study following extubation. Forty-eight 
hours later, i.e., when the necrotic process is expected 
to peak (6), the animals were killed. The heart was 
removed immediately, cleaned with normal saline, 
and placed in 10% formalin for fixation. The left 
ventricle was sectioned in three slices from apex to 
base with cuts parallel to the atrioventricular groove. 
Paraffin-embedded sections were prepared from each 
slice, stained with hematoxylin-eosin, projected onto 
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a screen, and the cross-sectional area of the left ven- 
tricle and of the infarcted myocardium determined by 
planimetry. The fraction of left ventricular infarction 
was calculated as a mean of the value of three slices 
and expressed as a percentage of total left ventricular 
cross-sectional area (6). Histologic examination was 
performed in a blind fashion by an experienced pa- 
thologist. 


Influence of Morphine on Heart Rate and Blood 
Pressure 


Arterial blood pressure was monitored from an 
indwelling catheter in another group of conscious, 
unrestrained rats. The catheter was composed of a 
3.0-cm piece of fine polyethylene tubing (0.8 mm o.d., 
0.4 mm i.d.), connected to a 6-cm piece of wider 
tubing (0.96 mm o.d., 0.58 mm i.d.). Rats were anes- 
thetized with ether, the fine end of the catheter in- 
-serted into the left common carotid artery and passed 
down to a point just above the junction of the carotid 
artery and aorta. The other end of the catheter was 
passed under the skin to an exit point at the back of 
the neck and stoppered with steel wire. Blood pres- 
sure recording was performed 24 hours after the 
Operation by connecting the catheter to a P23Db 
pressure transducer via a 60-cm length polyethylene 
tubing. Heart rate was measured from the blood 
pressure trace. The animals were allowed to settle 
down for 45 minutes and then saline was injected 
subcutaneously. Blood pressure was followed for 60 


minutes and then morphine hydrochloride (3 mg/kg) _ 


was injected subcutaneously in the same volume as 
the saline injection. Blood pressure was monitored for 
another 60 minutes after the morphine injection. The 
control data include experiments in which only saline 
was injected. 


Statistical Analysis 


The fraction of infarcted left ventricular myocar- 
dium in control and morphine-treated rats was com- 


TABLE 


pared using unpaired Student's t-test. The influence 
of morphine and saline on heart rate and blood 
pressure was assessed using Student’s paired t-test. 


Results 


Of 50 rats surviving the operation, nine died less 
than 48 hours after operation (five in the control 
group and four in the group given morphine) leaving 
41 rats available for histologic examination (21 in the 
control group and 20 in the group given morphine). 
The mean area of infarcted left ventricle was 35.3% 
+ 3.7% (SEM) in the control rats versus 45.8% + 3.1% 
in the rats given morphine. This difference in infarc- 
tion size between the two groups is statistically sig- 
nificant (p < 0.05). 

The effect of morphine on systemic blood pressure 
and heart. rate of the conscious rat is shown in the 
Table. The dose of morphine used caused a slight but 
significant reduction in both pressure and rate 30 
minutes after injection, but by 1 hour after injection, 
blood pressure and heart rate were insignificantly 
different from control values. 


Discussion 


In this study we used histologic techniques to eval- 
uate myocardial infarction size in the rat. This tech- 
nique is widely used to evaluate the effect of various 
interventions on myocardial infarction size (6, 7). Our 
results show that, in the anesthetized rat, coronary 
occlusion caused significantly larger areas of left ven- 
tricular necrosis in animals pretreated with morphine 
when compared with control rats. We did not evaluate 
the influence of morphine on the rate of healing of 
the infarction in this study. 

The mechanism by which morphine magnifies the 
infarction size produced by coronary artery ligation 
is unknown but presumably involves imbalance be- 
tween the demand and supply of oxygen to the my- 
ocardium. Morphine effects on the circulation are 
complex and could affect the relationship between 


Effect of Morphine on Blood Pressure and Heart Rate of Conscious Rats* 


Control (n = 7) 


Preinjection 30 min 


Mean blood pressure (mm 117.3 + 5.6 122.6 + 8.9 


Hg) 
Heart rate (beats/min) 


122.1 + 6.3 


Morphine-HCl (n = 9) 


60 min Preinjection 30 min 60 min 


116.8448 110343.3t 117.9 + 3.5 


344.7 + 21.0 353.04 24.7 353.3 + 24.8 371.1 + 18.4 321.7 + 19.8 344.8 + 14.1 





* Values are means + SEM. 


+ Mean blood pressure = diastolic pressure + (pulse pressure + 3). 


tp < 0.05. 
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myocardial oxygen supply and demand in various 
deleterious ways: 

1. Morphine might affect coronary flow. It has 
been shown that morphine increases coronary resist- 
ance and decreases coronary flow in the intact dog 
(8). Such an effect was not noted after general anes- 
thesia and is believed to be mediated through alpha- 
adrenergic stimulation. 

2. Morphine might affect hemodynamic parame- 
ters which have a profound influence on myocardial 
oxygen consumption (9). Morphine-induced reduc- 
tion in heart rate, and presumably in preload, would 
tend to reduce myocardial oxygen consumption and 
therefore the degree of myocardial ischemia (10, 11). 
The effects of a transient reduction in afterload in- 
duced by morphine are more difficult to assess. Re- 
duced coronary perfusion secondary to hypotension 
is detrimental whereas reduced impedance to left 
ventricular emptying reduces left ventricular work 
and myocardial oxygen requirements. The net effect 
on myocardial ischemia and myocardial infarction 
size depends on the mode of intervention and on the 
model used (9-13). We showed in a previous study, 
(3) performed in anesthetized cats, that morphine 
increases ST-segment elevation independent of any 
change in heart rate, preload, or afterload, therefore 
suggesting that another mechanism is responsible for 
the evidence of encreased myocardial ischemia after 
morphine administration. 

3. Morphine might affect myocardial inotropism. 
Although studied extensively, the effect of morphine 
on myocardial contractile state is not perfectly under- 
stood. Studies in papillary muscle preparations show 
that morphine has a negative inotropic effect (14). 
Most reports in the intact animal have demonstrated 
an increase in myocardial contractile state after ad- 
ministration of morphine. Thus, in the conscious dog, 
Vatner et al (8) demonstrated a positive inotropic 
effect mediated through beta-adrenergic receptors. 
After beta-adrenergic effects were prevented by pro- 
pranolol, a slight negative inotropic effect was dem- 
onstrated. Similarly, in the anesthetized dog main- 
tained on cardiac bypass, Vasko et al (15) showed a 
positive inotropic effect attributed to a sympathoad- 
renal discharge. Other evidence is available to indicate 
that morphine causes sympathoadrenal stimulation 
(16). Such stimulation might, by increasing myocar- 
dial contractility and therefore myocardial oxygen 
demand, cause an increase in myocardial infarction 
size (9). 

Although the hemodynamic effects of morphine 
have been extensively studied in man, few studies 


have examined the effect of the drug on myocardial 
oxygenation. Kistner et al (17) studied 12 anesthetized 
subjects undergoing coronary artery bypass surgery 
and compared the effects of morphine and halothane 
on several indices of myocardial oxygen supply and 
demand. In their study, Kistner et al showed that 
morphine caused an increase in the tension-time in- 
dex, in the rate-pressure product, and significant ST- 
segment depression of the Vs lead of the electrocar- 
diogram suggesting myocardial ischemia. Sethna et al 
(18) reported recently on 11 adult patients with sig- 
nificant coronary artery disease and normal left ven- 
tricular ejection fraction who were studied before and 
30 minutes after infusion of morphine, 0.25 mg/kg 
IV. No evidence of global myocardial ischemia was 
noted following administration of morphine (18). 

Similar doses of morphine might produce different 
hemodynamic effects in the animal and in man. Thus, 
rodents are much less susceptible to many of the 
pharmacologic effects of morphine than is man. The 
lethal dose of morphine in the rat (LDso) is as high as 
237 to 572 mg/kg (intravenous and subcutaneous, 
respectively), whereas the EDso for analgesia is in the 
region of 0.2 to 8 mg/kg, depending on the mode of 
administration and on the model used to assess an- 
algesia (19, 20). Therefore, 3 mg/kg of morphine is 
not a large dose in the rat although it caused signifi- 
cant hemodynamic changes in the animals under 
study. 

In summary, we found that morphine in large doses 
(3 mg/kg) increased the size of infarction caused by 
coronary artery ligation in the rat. Because similar 
large doses of morphine are used in the human with - 
coronary artery disease undergoing a variety of sur- 
gical procedures, our findings suggest that further 
investigation of the effect of morphine on myocardial 
oxygen indices should be performed in man. 
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SHANKS, C. A., FUNK, D. lL, AVRAM, M. Jd., AND HENTHORN, T. K.: Gallamine administered by combined bolus and 
infusion. Anesth Analg 1982;61:847-52. 


A technique combining an intravenous bolus and intravenous infusion regimen of gallamine based on its pharmaco- 
kinetics was developed to produce continuous relaxation during surgery. The combination of a bolus dose of gallamine, 
2.5 mg/kg, and infusion, 0.8 mg/kg/hr, was tested in 11 patients. In 10 patients, surgery continued long enough to 
allow demonstration of an apparent plateau in the serum gallamine concentrations. At the cessation of the infusion, 
the mean gallamine concentration of 11.8 pg/ml was associated with an average paralysis intensity of 92%. 
Pharmacokinetic analysis of the gallamine serum concentration-time data was fitted to a three-compartment model. In 
this study of 50- to 76-year-old patients, the most striking difference from other studies was that the elimination half- 


life averaged 247 minutes in this study whereas 128 to 141 minutes has been reported previously. 


Key Words: NEUROMUSCULAR RELAXANTS: gallamine; PHARMACOKINETICS: gallamine. 





ALLAMINE triethiodide has been used as a non- 
depolarizing neuromuscular blocking agent for 
more than three decades. Although its administration 
by continuous infusion was reported soon after its 
introduction into clinical anesthesia (1), only recently 
could a pharmacokinetic rationale be developed for 
this technique. The pharmacokinetics of gailamine in 
man has been reported to show multicompartmental 
behavior following administration by intravenous 
bolus (2~5); Agoston and colleagues (3) confirmed in 
man that gallamine was primarily excreted unchanged 
in the urine. They found also that poor urinary excre- 
tion did not result in persistent high serum concen- 
trations and prolonged duration of neuromuscular 
blockade, which they explained as due to drug redis- 
tribution. 
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The purpose of the present study was to: (a) predict 
a bolus and infusion regimen for gallamine, based on 
its pharmacokinetics; (b) reexamine its pharmacoki- 
netics under these circumstances; and (c) relate cre- 
atinine and gallamine renal clearance rates. 


Methods 


Eleven adult patients were studied during elective 
surgery for arterial disease below the aorta. Clinical 
preoperative details are shown in Table 1. Institution- 
ally approved written informed consent was obtained 
the day before surgery. The patients had no known 
renal, hepatic, or neuromuscular disease, and none 
were receiving drugs known to affect neuromuscular 
transmission. 

Following an intramuscular narcotic premedication, 
anesthesia was induced with thiopental, 100 to 300 
mg, droperidol, 5 to 10 mg, and fentanyl, 50 to 100 
ug, administered via a peripheral intravenous catheter. 
Further increments were added as required for sup- 
plementation of nitrous oxide anesthesia. Before the 
administration of gallamine, samples were obtained 
from the radial arterial and urinary catheters. Venti- 
lation with nitrous oxide in oxygen was adjusted to 
maintain the arterial carbon dioxide tension close to 
35 mm Hg. Crystalloid solutions were administered 
intravenously as required to maintain fluid balance 
and cardiovascular stability. No diuretics were admin- 
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istered before or during the gallamine infusion; how- 
ever, intraoperative arteriography after the infusion 
was followed by a diuresis. 

The dosage regimen for gallamine was calculated 
from pharmacokinetic data derived previously (5). 
The bolus dose was calculated by multiplying the 
desired plasma drug concentration by the volume of 
distribution; multiplication of the desired plasma drug 
concentration by the plasma clearance gave the infu- 
sion rate (6). These calculations indicated that the 
initial dose of gallamine should be 2.5 mg/kg followed 
by an infusion rate of 0.8 mg/kg/hr (Table 2). In 
prediction, this bolus dose and infusion rate were 
combined with previous mean data (5) and fitted to 
the bolus and infusion equation used in a similar 
study with pancuronium (7) for an infusion time of 
120 minutes. The predicted serum gallamine concen- 
tration versus time relationship was compared vis- 
ually with that actually measured. 

Following the commencement of the gallamine in- 
fusion, arterial blood was collected at intervals for the 
next 12 hours. Timed urine collections were made, 
usually every 30 minutes, throughout the infusion. 
Serum and urine samples were stored at —30°C for 





TABLE 1 
Patient Characteristics 
’ Surface Blood urea oh 
Age Sex Weight area? nitrogent Creatininet 
yr kg m? mg/100 mi 

62 F 53 1.56 11 0.7 
76 M 100 2.24 19 1.2 
67 F 65 1.75 13 0.9 
71 M 72 1.87 18 1.2 
51 F 68 1.79 15 0.8 
58 M 73 1.86 18 1.2 
§7 M 86 2.13 16 0.9 
50 F 60 1.62 18 1.3 
65 M 70 1.89 21 1.3 
66 M 84 2.02 10 1.0 
67 M 58 1.64 15 0.9 


* Derived from W475 x Ht??25 x 71.84. 
q Normal ranges: blood urea nitrogen, O to 20 mg/100 ml; 
creatinine, 0 to 1.7 mg/100 ml. 


TABLE 2 
Calculation of Gallamine Bolus and Infusion Regimen* 


Apparent volume of distribution (area) ... .225 ml/kg 
Plasma clearance rate ................ 72 mi/hr/kg 


Desired gallamine concentration ........ 11 mg/L 
Calculated bolus dose ................ 2.5 mg/kg 
Calculated infusion rate ............... 0.8 mg/kg/hr 


* From Ramzan et al? and Mitenko and Ogilvie.® 
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later measurement of creatinine and gallamine con- 
centrations. 

Serum and urine creatinine concentrations were 
assayed using a modified Jaffe reaction (8, 9). Total 
serum gallamine concentrations were determined by 
the spectrofluorimetric technique of Kersten et al. (10) 
modified for use with gallamine (5). Neglecting the 
Ist hour of the infusion, to allow for redistribution, 
the infused gallamine dosage was compared with the 
total amount of drug obtained in the urine for each 
20- to 30-minute collection period of the infusion. 
Estimates of simultaneous creatinine and gallamine 
renal clearances made for these periods were com- 
pared by linear regression analysis (11). The phar- 
macokinetic parameters for gallamine were derived 
from the serum concentration-time data. Preliminary 
analysis indicated that a triexponential curve was 
required to characterize the distribution and elimi- 
nation of gallamine. Accordingly, we analyzed the 
kinetics of these processes with a three-compartment 
open model. Calculations were made with the SAAM 
23 digital computer program developed by Berman 
and Weiss (12) and implemented on a Control Data 
Corporation model 6400 computer. 

The effect of gallamine on neuromuscular trans- 
mission was used to assess the pharmacodynamics. 
Following induction of anesthesia, subcutaneous 
needle electrodes were inserted at the elbow, and the 
ulnar nerve was stimulated supramaximally for 0.1 
msec every 10 seconds. The compound electromy- 
ogram from the first interspace of the hand was 
recorded; the intensity of neuromuscular blockade 
was assessed by comparison of the response with its 
drug-free control. 


Results 


In nine patients the infusion of gallamine was con- 
tinued for 2 hours or more. In none of the patients 
was difficulty encountered in reversing the effects of 
gallamine; neither did they develop tachycardia, even 
following the bolus dose of gallamine. 

Due to the brevity of surgery, one patient did not 
reach “steady state” in 75 minutes of infusion. The 
other 10 patients showed an apparent plateau in se- 
rum gallamine concentrations; at the end of the infu- 
sion the mean concentration was 11.8 + 2.4 (SD) pg/ 
ml and was associated with an average 92% + 9%: 
paralysis. In the patient who was least relaxed (73% 
paralysis), the serum gallamine concentration at the 
end of the infusion was 12.3 pg/ml. 

Redistribution of the initial bolus dose was appar- 
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Fig 1. Typical record of serum concentrations of gallamine 
during its infusion and for following 12 hours (patient 1). Dashed 
line indicates intraoperative depression of electromyogram 


ently complete in most patients by the end of the 1st 
hour. Following the redistributive phase, serum drug 
concentrations and the intensity of paralysis tended 
to vary in parallel fashion during the infusion. As in 
Fig 1, some 20 minutes after cessation of the infusion 
the intensity of neuromuscular blockade began to 
diminish. Surgery usually was concluded before full 
recovery from paralysis, precluding full assessment of 
the concentration-response relationships. 

The total serum gallamine time plot predicted 
fromthe bolus and infusion equation (7) together with 
the experimental results from the 11 patients in the 
study is shown in Fig 2. During the infusion, the mean 
values observed were almost identical with those 
predicted by the bolus and infusion equation calcu- 
lated with data from a previous study (5). Each pa- 
tient’s plasma concentration data were analyzed with 
a three-compartment open mammillary model (Fig 3). 
Estimates of the pharmacokinetic parameters for each 
patient are shown in Table 3. 

The percentage of gallamine excreted in the urine 
during steady state ranged from 15% to 122% (64% 
+ 33%). Slow rates of renal excretion did not neces- 
sarily entail concurrently high serum concentrations 
of gallamine. During the apparent plateau phase, the 
renal clearances of ceratinine and gallamine were 
cumpared, Linear regression analysis, with creatinine 
clearance as the independent variable, gave the equa- 
tion y = 0.22x + 23.6 (r= 0.79, p < 0.001), as shown 
in Fig 3. 


twitch response; scale representing percent paralysis is shown 
at 5-hour mark, 1 hour after surgery. 
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Fig 2. Time course of serum concentrations of gallamine was 
predicted for a 2-hour infusion of gallamine (dashed line). Su- 
perimposed are mean (+SD) values observed in 11 patients, 
recommencing the postinfusion time scale at 2 hours. Some 
standard deviations were omitted for visual purposes; these are 
of same order of magnitude as their neighbors. 


Discussion 


Pharmacodynamic and pharmacokinetic studies in- 
volving a loading dose and infusion technique have 
been reported for administration of pancuronium (7), 
d-tubocurarine (13, 14), and ORG NC 45 (15). As was 
observed with gallamine, these studies demonstrated 
a relationship between the apparent plateau in the 
plasma concentration of neuromuscular blocking 
agent and the depression of twitch response. The 
relationship between plasma relaxant concentration 
and effect at equilibrium closely resembles that found 
following bolus dosage (16). In the present study, 
prediction of a desired steady-state concentration was 
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transferred from data obtained in bolus studies (Table 
2). Assuming the usual sigmoid curve exists for gal- 
lamine concentration and effect, then it is not surpris- 
ing that paralysis averaged 92%; at the upper end of 
the curve there are smaller changes in paralysis for 
similar increases in concentration. Although interna- 
tional differences have been reported for the effects 
of d-tubocurarine (17), the mean data for gallamine 
derived elsewhere gave a bolus and infusion regimen 
that could be used in this country. The pharmacoki- 
netics of gallamine in this bolus and infusion study 
were fitted to a three-compartment open mammillary 


Cle 


FIG 3. Schematic diagram of three-compartment open model, 
with its central, fast, and slow compartments. Reversible drug 
distribution occurs from the central volume (Vc) into two periph- 
eral spaces: one is "shallower" or ‘‘faster’’ (Vr) and one is 
“deeper” or “slower” (Vs). Elimination clearance (Cle) is from 
central compartment. Fast and slow clearances (Clr and Cls) are 
products of their respective intercompartmental rate constants 
and their volumes. 


model. When a three-compartment model was used 
to characterize the kinetics of gallamine distribution, 
previous investigators (3, 4) obtained distribution vol- 
ume estimates that were similar to ours. The three- 
compartment structure of this model reflects the het- 
erogeneity of transcapillary exchange from intravas- 
cular space to the interstitial fluid space (18). Two 
other bolus-dosing studies (2, 5) have reported the 
disposition of gallamine with two-compartment 
models; these have total volumes of distribution sim- 
ilar to those shown in Table 3. 

The most striking difference between all these stud- 
ies and the results in Table 3 is that our patients show 
a considerable prolongation over the mean elimina- 
tion half-lives previously reported (128 to 141 min- 
utes). As the distribution volumes are in good agree- 
ment, this difference must be due to a reduced plasma 
clearance in our patients. Reduced plasma clearance 
could be due in part to the effects of age, a factor that 
has been implicated in the reduced elimination of 
pancuronium (19). However, no correlation was found 
between the age of the patient and the excretion rate 
of gallamine in 15 patients (3). Pooling the data from 
several studies (2, 5, 20) with those in Table 3 allowed 
the relationship to be examined for 48 patients by 
linear regression analysis. There was a significant 
correlation between age and plasma clearance (r = 
0.31, p < 0.05) and between age and elimination half- 
life (r = 0.54, p < 0.001). With half-life as the inde- 
pendent variable, the latter equation was y = 1.45x 
+ 103. The longer elimination half-life in our study 
did not greatly affect the ability of the model to 
predict the mean steady-state plasma concentration 








TABLE 3 
Pharmacokinetics of Gallamine in 11 Patients 
Compartmental volumes Clearancest Elimination 
Patient no. half-life 
Ve Ve Vs Vrot. Vror/kg Clr Cls Cle 
L ml/min hr 
1 0.564 5.06 10.29 15,91 0.297 235 51 58 4.6 
2 7.05 17.68 13.13 27.89 0.379 1130 60 115 5.2 
3 3.63 6.48 9.87 19.97 0.307 447 64 51 5.2 
4 5.81 7.62 5.63 19.06 0.265 359 28 60 4.0 
5 1.16 5.09 6.87 13.12 0.193 439 58 68 3.0 
6 4.76 3.91 7.60 16.27 0.224 418 91 60 3.25 
7 6.99 10.48 16.26 33.73 0.390 1000 33 100 3.23 
8 3.99 3.14 5.25 12.38 0.204 208 41 33 4.5 
9 6.28 4.43 9.60 20.36 0.291 674 103 69 4.0 
10 4.17 6.40 11.64 22.21 0.264 §22 1715 70 4.4 
11 4.84 6.98 7.76 19.58 0.336 653 55 78 3.92 
Mean 4.48 7.03 9.45 20.95 0.291 553 64 70 4.12 
(+ SD) {2.13) (4.06) (6.80) (8.00) (0.065) (293) (26.7) (22.3) (0.75) 





* Vior is the sum of the central (Vc), fast (Ve), and slow (Vs) compartment volumes. 
+ Abbreviations are: Clir, fast; Cis, slow; and Cle, elimination clearances, respectively. 
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of gallamine (Fig 2), although a true steady state could 
not have been achieved in the time available for the 
infusion. A prolonged elimination half-life does, how- 
ever, imply that the paralytic effects of an overdose 
of gallamine would persist longer in those patients 
with slow elimination. 

When “C-labeled gallamine was administered to 
dogs (21), an average of 30% of the radioactive mate- 
rial was eliminated in 15 minutes, apparently as un- 
changed gallamine; total elimination was approached 
in approximately 4 hours. In man, using spectrofluor- 
imetric measurement, Agoston and colleagues (3) re- 
ported that 15% to 100% could be recovered from the 
urine collected in the subsequent 30 hours. Although 
of very different design, our study also showed a 
considerable range in the percentage of drug recover- 
able from the urine. The steady-state renal clearance 
of gallamine was approximately one quarter that of 
creatinine (Fig 4). As the technique measures total 
drugs in the serum, this ratio would be higher if 
protein binding is significant. 

The glomerular filtration rate (GFR) is not estimated 
accurately by creatinine clearance; with declining GFR 
its actual value is progressively overestimated by cre- 
atinine clearance (22, 23). GFR diminishes with ad- 
vancing age (24). In young volunteers, GFR is de- 
creased by thiopental, nitrous oxide, narcotics, and 
neuromuscular blocking drugs (25). As the biliary 
excretion of gallamine is negligible in man (3), it is 
inferred that these factors could combine to reduce 


CLEARANCES = mi/min 
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Fig 4. Comparison of total renal clearances of creatinine and 


gallamine based on data obtained during plateau in serum ' 


gallamine concentrations. 


its renal excretion and thus its plasma clearance rate. 
The pharmacokinetics of gallamine in patients with 
chronic renal failure (26) shows a low plasma clear- 
ance rate. 

Although the literature often assumes a relationship 
between gallamine excretion and GFR, this appears to 
be by inference only. The kinetics of inulin and 
gallamine have been studied after simultaneous injec- 
tion in anesthetized dogs (18). Comparison of the 
simultaneous clearances by linear regression indicates 
that mean clearance for gallamine was two thirds that 
of inulin in these animals. Underestimation of GFR 
by gallamine and its overestimation by creatinine are 
likely to have combined to produce the low value for 
the slope of the regression line shown in Fig 4. 

In conclusion, this study shows that it was possible 
to take the pharmacokinetic and pharmacodynamic 
data for gallamine obtained in a bolus study, and 
transfer this to calculate a bolus and infusion regimen 
that was adequate for production of surgical relaxa- 
tion. The clearance of the relaxant was lower than 
expected. Although this had minimal impact within 
the time span of the infusion, it does show that 
individuals vary in drug disposition and indicates a 
need to monitor the intensity of relaxation in each 
patient. 
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Diazepam, and Ketamine in Conscious Dogs 
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PRIANO, L. L.: Alteration of renal hemodynamics by thiopental, diazepam, and ketamine in conscious dogs. Anesth 
Analg 1982:61:853-62. 


Renai hemodynamic changes associated with thiopental, diazepam, and ketamine were studied in conscious dogs 
after previous surgical placement of an aortic catheter and a Doppler ultrasonic flow probe on the left renal artery. 
Thiopental, 10 mg/kg, changed biood pressure minimally whereas 20 mg/kg significantly decreased blood pressure 
by 5% to 10%. Renal blood flow initially increased significantly, then returned to control levels after both doses. Renal 
resistance was not significantly altered by 10 mg/kg of thiopental whereas 20 mg/kg significantly reduced resistance 
by 10%. Diazepam, 1 and 2 mg/kg, caused transient increases in arterial pressure of approximately 10%. Renal 
blood flow significantly decreased 5% to 10% from control levels with both doses. Renal resistance did not change 
with the 1-mg/kg dose of diazepam, but 2 mg/kg of diazepam increased it by 8% to 12%. Ketamine, 2.5 and 5 mg/ 
kg, elevated arterial pressure 20% to 40%. Renal biood flow increased significantly by 10% to 15% with both doses 
of ketamine. This effect iasted longer with the larger dose. Renal resistance was significantly elevated by the 2.5-mg/ 
kg dose of ketamine, whereas 5 mg/kg did not alter this variable. In conclusion, each of these drugs maintains renal 
blood flow reasonably well in an unanesthetized animal. However, ketamine appears to be more beneficial than 
thiopental, which in turn, is superior to diazepam in this regard. Little dose-response effect was evident for any of the 
drugs. Furthermore, it should be noted that changes in arterial pressure can be misleading when perfusion of this 
vascular bed is considered. 


Key Words: KIDNEY: blood flow; ANESTHETICS, Intravenous: thiopental, ketamine, diazepam; HYPNOTICS: ben- 


zodiazepines, diazepam. 


ANY REPORTS are available on the hemody- 
namic effects of thiopental (1-3), diazepam 
(4-10), and ketamine (11-17). However, relatively 
little is known about the effects of these drugs on the 
hemodynamics of individual organs, particularly the 
kidney. One study that used the xenon wash-out 
method in conscious dogs to determine the effects of 
thiopental or pentobarbital on renal blood flow, found 
that both drugs significantly decreased renal blood 
flow (18). Another study utilizing para-amino hippur- 
ate (PAH) clearance to measure effective renal plasma 
flow (RPF) found that diazepam decreased RPF in 
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children with various forms of renal disease but did 
not affect RPF in pentobarbital-anesthetized rabbits 
(19), Three studies have examined the effects of ke- 
tamine on renal blood flow: two in anesthetized dogs 
(20, 21) and one in conscious rats (22). Hirasawa and 
Yonezawa (20) used a thermoelectric flowmeter and 
found that ketamine slightly, but significantly, de- 
creased both renal cortical and renal medullary blood 
flows. Bevan and Budhu (21) used PAH clearance to 
conclude that ketamine does not affect renal hemo- 
dynamics, a finding supported by Idvall et al (22), 
using a microsphere technique in rats. 

Other than these studies, few data exist concerning 
the important effects of anesthetic induction agents 
on renal hemodynamics. The object of this study was 
to examine alterations in renal hemodynamics follow- 
ing bolus administrations of thiopental, diazepam, 
and ketamine. We used conscious, chronically instru- 
mented animals whose cardiovascular systems were 
not obtunded by the acute effects of recent surgery or 
by the simultaneous presence of other anesthetic 
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agents, both of which can modify circulatory re- 
sponses. In addition, we utilized a method of meas- 
uring renal blood flow that would allow continuous 
and instantaneous readout during the entire period of 
observation. 


Methods 


This study was performed in 23 healthy mongrel 
dogs of either sex, weighing 20 to 30 kg each. Under 
halothane-nitrous oxide-oxygen anesthesia, a Dop- 
pler ultrasonic flow probe, 4 to 6 mm in diameter, 
(L&M Electronics, Daly City, CA) was placed around 
the left renal artery and a small heparin-filled Tygon 
catheter was positioned in the abdominal aorta via a 
lumbar artery. The instrumentation wires and catheter 
were run subcutaneously and exteriorized at an in- 
trascapular site on the animal’s back,. The animal 
then recovered for 10 to 14 days before the drug 
studies were initiated. During this time, the arterial 
catheter was flushed and filled with a heparin solu- 
tion, 1000 units/ml, three times weekly. 

Aortic pressure was measured via the previously 
implanted Tygon catheter, with a mercury-calibrated 
Statham P23ID strain gauge manometer (Statham In- 
struments Inc, Oxnard, CA). Renal blood flow was 
measured using the previously implanted flow probe, 
which was connected by a hard-wire system to a 
model 1012 Doppler ultrasonic flow meter (L&M 
electronics). This system had an accurate electronic 
zero and its calibration for volume flow has been 
previously described (23). Phasic and mean arterial 
pressures and phasic and mean renal blood flows 
were recorded on a direct writing oscillograph (Gould- 
Brush, Cleveland, OH). Renal vascular resistance was 
calculated as the quotient of mean arterial blood 
pressure in millimeters of mercury and mean renal 
blood flow in milliliters per minute. During the 10- to 
14-day recovery period following surgery, the animals 
were given table training several times per week while 
their catheters were flushed. Here they learned to lie 
quietly on the experiment table. Also, this interval of 
time was sufficient for the animals to regain their 
presurgical vigor and to allow tissue growth to occur 
under and around the flow probes, 

At the time of an experiment, with the animal 
resting on its right side, a peripheral intravenous 
catheter was inserted into a foreleg vein. Control or 
base line measurements of cardiovascular function 
were then recorded for a sufficient period of time to 
assure that a steady state had been reached. At that 
point, a bolus dose of one of the three drugs in 
question was administered over 30 seconds. Thiopen- 
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tal was given in 10- and 20-mg/kg doses, diazepam 
in 1- and 2-mg/kg doses, and ketamine in 2.5- and 5- 
mg/kg doses. Changes in arterial pressure, renal 
blood flow, and renal vascular resistance, from the 
awake control values, were recorded at 1, 3, 5, 7, 10, 
15, 20, and 30 minutes. Changes at each of these times 
were compared statistically with the base line values 
by use of Student’s paired t-test; thus, each animal 
served as its own control. Changes were considered 
to be statistically significant if a p value of less than 
0.05 was obtained. Two doses of each drug were 
administered in an attempt to establish dose-response 
effects. The doses selected were chosen in the follow- 
ing manner. Thiopental, 10 mg/kg IV, produces a 
sleep time in dogs equivalent to 3 to 4 mg/kg IV in 
humans. Numerous previous studies have docu- 
mented that 2.5 mg/kg of intravenous ketamine is 
equivalent to 1 mg/kg IV in humans in terms of 
duration of action (13-17). In the case of diazepam, 
0.2 mg/kg IV is a usual induction dose for humans. 
Canine doses for most central depressants are 2 to 10 
times greater than those in humans. Thus, 1 mg/kg 
was empirically selected for the lower diazepam dose 
for the dog. All doses were then doubled for purposes 
of the dose-response aspect of the study. The dosage 
sequence was randomized. After an animal received 
either dose of ketamine or thiopental, an interval of 
24 hours elapsed before additional experiments were 
performed. A period of 48 hours was allowed to 
elapse following an administration of diazepam. For 
technical reasons, it was difficult to keep all the 
instrumentation working perfectly in all the animals 
during the course of the study. Thus, there is some 
difference between the number of animals in each 
drug dose group. 


Results 


In the figures and table, data are given for a 30- 
minute period after a bolus administration of each 
drug. Control values are expressed as mean actual 
values + SEM. Changes are expressed as mean per- 
cent change from control values. Comparisons be- 
tween drugs can be seen in the Table. For purposes 
of discussion, the 30-minute observation period will 
be divided into early (1 to 3 minutes), middle (5 to 15 
minutes), and late (20 to 30 minutes) portions. 


Thiopental (Figs 1 and 2 and Table) 


Thiopental, 10 mg/kg (n = 10), significantly in- 
creased renal blood flow 1 minute after administra- 
tion. Renal vascular resistance at this point was un- 
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THIOPENTAL~- RENAL HEMODYNAMICS-Normovolemia 
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4 Minutes 

DRUG 
Fig 1. Thiopental and renal hemodynamics. Mean percent 
changes in aortic pressure, renal blood flow, and renal vascular 
resistance after 10 mg/kg (O) and 20 mg/kg (@) doses of 
thiopental. Inset for each variable indicates actual mean control 
values + SEM. Control values are depicted on ordinate as 0. 
After drug administration, indicated by arrow, changes from 
control values are expressed as mean percent change and are 
followed for 30 minutes. Asterisks refer to statistically significant 
changes (p < 0.05) from control values. 


changed. Thereafter, renal blood flow was unchanged 
from the control value, as was renal resistance. With 
thiopental, 20 mg/kg (n = 11), renal blood flow 
likewise was increased significantly at 1 minute and 
renal vascular resistance was unchanged. Thereafter, 
renal blood flow returned to levels not significantly 
different from the control value although renal resist- 
ance tended to be lower, significantly so at 5 and 7 
minutes. Data in the Table demonstrate that there 
were no significant differences in effects of low and 
high doses of thiopental on renal blood flow. How- 
ever, with the larger dose, arterial pressure decreased 
significantly at all time periods after 5 minutes. This 
was significantly different from the effect of low-dose 
thiopental on blood pressure. Renal resistance follow- 
ing high-dose thiopental was significantly less than it 
was after the low dose at 5, 7, and 20 minutes. An 
actual recording of a typical response for the high 
dose of thiopental is shown in Fig. 2. 


Diazepam (Figs 3 and 4 and Table) 


Low-dose diazepam, 1 mg/kg (n = 9), resulted in 
slight but statistically significant decreases in renal 
blood flow at 5 and 15 minutes. Arterial pressure 
increased significantly at 1 minute, but thereafter was 
unchanged from control levels. Renal vascular resist- 
ance remained unchanged from control levels for the 
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Fie 2. Actual recording of phasic and mean arterial pressure 
and renal blood flow during control period and after drug injec- 
tion for high dose (20 mg/kg) of thiopental. Calculated renal 
vascular resistance is plotted in bar form in lower panel. Paper 
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speed is indicated at bottom and can be compared using the 1- 
second tick marks which can be seen between two arterial 
pressure channels in upper panel. 
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DIAZEPAM -RENAL HEMODYNAMICS -Normovolemia 
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Fig 3. Diazepam and renal hemodynamics. Mean percent 
changes in aortic pressure, renal blood flow, and renal vascular 
resistance after 1 mg/kg (A) and 2 mg/kg (A) doses of diaze- 
pam. Inset for each variable indicates mean actual control values 
+ SEM. Control values are depicted on ordinate as 0. After drug 
administration, indicated by arrow, changes from control values 
are expressed as mean percent change and are followed for 30 
minutes. Asterisks refer to statistically significant changes (p < 
0.05) from control values. 


entire observation period. High-dose diazepam, 2 mg/ 
kg (n = 11), significantly, but again slightly, decreased 
renal blood flow during the middle and late portions 
of the observation period. Arterial pressure increased 
significantly during the early observation period but 
then returned to levels not different from control 
levels. Renal resistance increased significantly during 
the early observation period and remained elevated 
at 10 and 20 minutes. A typical recorded trace for the 
renal vascular effects of high-dose diazepam is shown 
in Fig 4. With the exception of a single significant 
difference in renal vascular resistance at 3 minutes, 
there were no statistically significant dose-response 
differences in arterial pressure and renal blood flow 
for the two doses of diazepam. 


Ketamine (Figs 5 and 6 and Table) 


Low-dose ketamine, 2.5 mg/kg (n = 12), increased 
arterial pressure for the first 10 minutes of the obser- 
vation period. This was accompanied by significant 
increases in renal blood flow. The increases in pres- 
sure were greater than the increases in flow, thus 
renal vascular resistance was significantly elevated for 
the first 7 minutes. High-dose ketamine, 5 mg/kg (n 
= 11), produced similar elevations in arterial pressure 
that lasted up to 20 minutes. Renal blood flow in- 
creased to approximately the same degree as with the 
low dose. Increases in renal blood flow with the 
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Fig 4. Actual recording of phasic and mean arterial pressure 
and renal blood flow during control period and after drug injec- 
tion for high cose (2 mg/kg) of diazepam. Calculated renal 
vascular resistance is plotted in bar form in lower panel. Paper 
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second tick marks which can be seen between two arterial 
pressure channels in upper panel. 
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KETAMINE -RENAL HEMODYNAMICS - Normovolemia 
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FiG 5. Ketamine and renal hemodynamics. Mean percent 
changes in aortic pressure, renal blood flow, and renal vascular 
resistance after 2.5-mg/kg (O) and 5-mg/kg (@ doses of ke- 
tamine. Inset for each variable indicates mean actual control 
values + SEM. Control values are depicted on ordinate as 0. 
After drug administration, indicated by arrow, changes from the 
control values are expressed as mean percent change and are 
followed for 30 minutes. Asterisks refer to statistically significant 
changes (p < 0.05) from control values. 


higher dose lasted longer than with the low dose. In 
contrast to the effects of low-dose ketarnine, renal 
vascular resistance was not significantly elevated by 
the higher dose except at 1 minute. A typical trace for 
high-dose ketamine can be seen in Fig 6. As will be 
noted from the Table, there were no statistically sig- 
nificant differences in responses of arterial pressure, 
renal blood flow, or renal vascular resistance between 
the low and high doses of ketamine. 

Comparisons between the effects of the three drugs 
show that, insofar as diazepam and thiopental were 
concerned (Table, c values), there were no significant 
differences in responses of aortic pressure, renal 
blood flow, or renal vascular resistance between the 
low doses of diazepam and thiopental. However, aor- 
tic pressure and renal resistance were significantly 
lower with high-dose thiopental than with high-dose 
diazepam. Renal blood flow was greater with thiopen- 
tal than with diazepam early in the observation pe- 
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riod, Ketamine increased aortic pressure significantly 
more than thiopental with both doses (Table, d val- 
ues). High-dose ketamine increased renal vascular 
resistance significantly more than high-dose thiopen- 
tal. However, it also increased renal blood flow to a 
greater degree than thiopental following both low and 
high dosages. Ketamine increased aortic pressure to 
a significantly greater degree than did diazepam with 
both doses (Table, e values), Likewise, ketamine in- 
creased renal blood flow with both doses whereas 
diazepam decreased it. These differences were also 
statistically significant. There were no statistically 
significant differences in the effects of ketamine and 
diazepam on renal vascular resistance. 


Discussion 


Intravenous agents are frequently utilized because 
of a desire to maintain better hemodynamic stability. 
One cannot assume, however, that because general- 
ized hemodynamics remain stable, i.e., arterial blood 
pressure and pulse rate, that individual organ hemo- 
dynamics are similarly stable, This was certainly evi- 
dent in the present study. When arterial pressure 
increased, decreased, or remained unchanged follow- 
ing high doses of ketamine, thiopental, and diazepam, 
respectively, renal blood flow increased, remained 
unchanged, and decreased, respectively. 

Thiopental is considered to be a cardiovascular 
depressant due to venodilation, decreased venous re- 
turn, and depression of myocardial contractility. Sub- 
sequently, blood pressure decreases and total periph- 
eral resistance increases reflexly (1, 2). These altera- 
tions may result from direct effects on the vasculature 
or indirectly from centrally mediated decreases in 
sympathetic outflow (24). If cardiac output decreases 
there must be changes in flow to various peripheral 
organs. However, in the present study, other than the 
Ist minute after drug injection, blood flow to the 
kidney was not affected by thiopental. Arterial pres- 
sure and heart rate increased transiently after thio- 
pental. Our hypothesis as to why this occurred is that 
in a conscious animal there is an initial increase in 
sympathetic activity as the animal first senses the 
onset of drug effect. This is based on the observation 
that animals usually initially have proptosis and my- 
driasis at this time, and this has also been observed in 
humans (25). After this initial brief phase, the better 
known hemodynamic changes of thiopental were 
seen. Mean arterial pressure decreased. Despite the 
decreased perfusion pressure, renal blood flow was 
maintained as renal vascular resistance decreased. 
This could be due to direct renal arteriolar dilation 
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figure. Paper speed is indicated at bottom and can be compared 
using 1-second tick marks which can be seen between two 

Ketamine is frequently chosen as an induction 
agent in situations in which cardiovascular stability is 
tenuous (32, 33). In many such situations, there is 
concern for preservation of renal perfusion. Little is 
known, however, about the effects of ketamine on 


arterial pressure channels in upper panel. 
doses, there was an increase in renal blood flow after 


thiopental but a decrease after diazepam. Second, 
period, renal vascular resistance decreased after thio- 
pental but increased after diazepam. In both instances, 
these differences were statistically significantly differ- 
ent (Table). Guignard et al (19) examined the effect of 
thetized animals as measured by PAH clearance. In 
patients with prior renal disease, they found that 
diazepam decreased RPF approximately 26%. In rab- 
bits anesthetized with pentobarbital 

did not change after diazepam. The PAH clearance 
technique has limitations. If intrarenal cortical-med- 


ullary shunting occurs 
flows will be in error (31). The fact that the animals 


were anesthetized but the patients were not may also 
system that is not influenced by the simultaneous 


by diazepam. Two interesting contrasts can be made 
between diazepam and thiopental. First, with the high 
during the middle-late portion of the observation 
diazepam on RPF in conscious humans and in anes- 
explain the difference in results. This emphasizes the 
importance of studying pharmacologic effects in a 
presence of other drugs. 

renal hemodynamics. May it be assumed that, if blood 


KETAMINE 


thereby making disruption of 


n, catheters were indwelling in the 
renal innervation a real possibility. 


cleaned,” 
neither dose of diazepam significantly de- 


creased arterial pressure. This is consistent with other 


Diazepam as an induction agent has been said to 
be benign in terms of its cardiovascular depressant 
human and animal studies (4-10) in which only gen- 


that renal blood flow decreased 40% to 50%. Another 
properties. Recent studies (30) in patients with coro- 


study, however, which examined the effects of pen- 
showed that renal blood flow did not change after 
pentobarbital (29). These differences in results may 
which may have been associated with microsphere 


clogging of arterioles and background scatter, respec- 


tively. In additio 
ever, renal blood flow was slightly but significantly 


after thiopental. In studies on conscious dogs given 
pentobarbital or thiopental, Burger et al (18) found 
tobarbital on renal hemodynamics in conscious dogs, 
utilizing techniques identical with the ones used here, 
relate to the methodology involved. Burger et al (18) 
used the microsphere and xenon washout methods, 
renal arteries of their animals and the renal arteries 
nary disease substantiate this impression. In the pres- 
eralized cardiovascular changes were examined. How- 
reduced and renal vascular resistance was increased 


pathetic tone (27, 28). Another possibility is that renal 
vascular autoregulatory mechanisms remain intact 


and renal blood flow during control period and after drug injec- 
tion for a high dose (5 mg/kg) of ketamine. Calculated renal 
vascular resistance is plotted in bar form in lower panel of this 
produced by thiopental (26) or to withdrawal of sym- 


had been “ 
ent study, 


— .~ FiG 6. Actual recording of phasic and mean arterial pressure 
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pressure, heart rate, and cardiac output all increase, 
as is known to occur after ketamine (13, 34), renal 
perfusion is maintained? Although not the main 
mechanism by which ketamine’s cardiovascular stim- 
ulation is produced, catecholamine levels are elevated 
after ketamine (35). This could possibly produce renal 
arterial and arteriolar constriction. We saw the typical 
increases in arterial pressure and heart rate with both 
doses of ketamine and can assume from previous 
studies (13-17) that the cardiac output also increased. 
It would appear that the kidneys share in the increase 
in cardiac output following ketamine, as renal blood 
flow increased significantly by 10% to 15% despite a 
pronounced increase in renal vascular resistance. The 
20% to 40% increases in arterial pressure during the 
early-middle portion of the observation period rep- 
resent mean arterial pressure values of 120 to 140 mm 
Hg, well within the autoregulatory range of the kid- 
ney. Thus, the increase in renal blood flow is not due 
to exceeding the upper limits of autoregulation. The 
fact that blood flow was increased would lead one to 
believe that ketamine may be interfering with renal 
autoregulation. Ketamine has been shown to dilate 
small arteries in some vascular beds (36). Perhaps this 
may be occurring in the kidney. Earlier data related 
to ketamine and renal hemodynamics are not in agree- 
ment with our findings. Two studies performed in 
anesthetized, acutely operated dogs have described a 
decrease or no change in renal blood flow after keta- 
mine (20, 21). The differences in technique used for 
measurement of renal blood flow should be consid- 
ered. The thermoelectric technique utilized by Hira- 
sawa and Yonezawa (20) gives a simultaneous and 
continual picture of relative renal cortical and med- 
ullary blood flows. However, the technique involves 
placement of needles in the renal parenchyma and 
the impact of this on renal hemodynamics is un- 
known. Additionally, the method does not allow for 
quantitation of flow. The problems associated with 
the PAH method used by Bevan and Budhu (21) have 
already been mentioned. A more complete study on 
the effects of ketamine on cardiac output distribution 
has been accomplished in conscious rats utilizing a 
microsphere technique (22). Although the percent 
distribution of cardiac output going to the kidneys 
decreased slightly after ketamine, actual renal blood 
flow, in milliliters per gram per minute, increased by 
7% to 20%. These values are similar to our results. 
Thus it may be anesthetic effects are more important 
in explaining differences in results than species vari- 
ations. 

Both intravenous and inhalational anesthetics can 
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so change the picture of renal homeostasis (37) that 
the validity of pharmacologic studies done in anes- 
thetized systems must be questioned (38, 39). The 
techniques used in our study obviated the two major 
problems related to anesthesia and acute surgery. The 
animals had totally recovered from the surgical ex- 
perience and were unmedicated and unsedated at the 
time of the experiments. The control heart rates (Ta- 
ble) are a good indication of their general good health 
and calm state immediately before administration of 
the drugs. An additional benefit of our study is that 
thiopental, diazepam, and ketamine were compared 
in the same system, thus eliminating differences in 
results due to experimental design. The methods uti- 
lized in the present study are not beyond criticism, 
however. We did not do simultaneous testing of renal 
function, i.e., glomerular filtration rate, urine output. 
The intent was to disturb the homeostasis as little as 
possible. Additionally, the flow probe technique only 
measures total flow and does not delineate changes in 
distribution of blood flow within the organ, i.e., in the 
kidney, cortical versus medullary blood flow. One 
can also raise the question of possible vessel dener- 
vation with a circumferential probe device. We were 
careful to use a loose-fitting probe to avoid renal 
nerve compression and to allow tissue to grow into 
the probe. The vessel was not cleaned but rather the 
probe was positioned with a minimal amount of 
dissection about the vessel. No flow measuring tech- 
nique is without drawbacks, but we feel this model 
allows the pharmacologic responses to be studied 
with minimal disturbance of overall physiology. Cer- 
tainly, the simultaneous measurement of cardiac out- 
put would have been valuable in this study. This was 
not done because it would have necessitated two 
operations—a laparotomy plus a thoracotomy. We 
are currently progressing with a group of animals to 
examine the simultaneous systemic and pulmonary 
circulatory picture in response to these drugs. 

One other factor to consider is the possibility of 
changes in arterial blood gases affecting results. Ke- 
tamine has minimal effects on arterial Poz and Pco, 
(16), yet its hemodynamic changes are immediate. 
Our previous studies dealing with narcotics have 
shown that renal hemodynamics are not altered by 
changes in arterial Po, and Pco, (40, 41). In our current 
studies involving systemic-pulmonary changes men- 
tioned above, we have been measuring blood gases 
because of their effects on the pulmonary system. 
Thiopental initially decreases Pao, some 20 to 30 mm 
Hg, whereas diazepam decreases it by 10 to 12 mm 
Hg. Both drugs only increase Paco, 3 to 6 mm Hg. 
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These effects dissipate by 10 to 15 minutes when 
Pao, and Paco, return to control levels, but the he- 
modynamic changes persist. Because of the previously 
demonstrated lack of renal effects with blood gas 
changes secondary to narcotic administration and the 
fact that the onset of changes in the kidney precedes 
the development of the blood gas changes and even 
outlast the blood gas changes, we believe that our 
hemodynamic alterations described here are true drug 
effects and not secondary to blood gas alterations. 

In conclusion, using this model we have shown 
that: (a) generalized, hemodynamic functions may be 
minimally or significantly altered by a pharmacologic 
agent at a time when important hemodynamic 
changes are occurring in the kidney; (b) there are 
important differences that exist between thiopental, 
diazepam, and ketamine in their effects on renal 
hemodynamics and these do not appear to be dose 
related for these drugs; and (c) hemodynamic studies 
of anesthetic drugs performed in anesthetized animals 
may differ markedly from studies in conscious ani- 
mals. 
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Decreases Narcotic Requirements during Neurolept 
Anesthesia and Operation in Man 
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STANLEY, T. H., CAZALAA, J. A., ATINAULT, A., COEYTAUX, R., LIMOGE, A., AND LOUVILLE, Y.: Transcutaneous cranial 
electrical stimulation decreases narcotic requirements during neurolept anesthesia and operation in man. Anesth 
Anaig 1982;61:863-6. 


The influence of transcutaneous cranial electrical stimulation (TCES) on fentanyl requirements was evaluated in 50 
patients undergoing urologic operations with pure neuroleptanesthesia (droperidol, diazepam, fentanyl, and air- 
oxygen) with (group I) or without (group II) simultaneous TCES. All patients had silver electrodes (three) applied 
between the eyebrows and behind each mastoid process and attached to a 167-kHz current generator. Current was 
delivered only to group |. The wave form was a complex nonsinusoidal, nonsquare wave pattern which was applied 
intermittently in a 3-msec-on 10-msec-off sequence. All patients had anesthesia induced with droperidol (0.20 mg/kg 
IV), diazepam (0.2 mg/kg IV), and pancuronium (0.08 mg/kg IV), and, after tracheal intubation, had anesthesia 
maintained with fentanyl in 100-ug intravenous increments every 3 minutes whenever and as long as systolic arterial 
blood pressure and/or heart rate were >20% of control (preanesthetic induction) values. Fentanyl requirements 
averaged 6.1 + 0.5 and 7.9 + 0.4 g/kg/min for a mean total dosage of 9.0 + 0.9 and 12.5 + 0.8 pg/kg for the 
entire operation in groups | and Il, respectively. These differences between groups were statistically significant (p < 
0.05). The data demonstrate that TCES augments the analgesic effects of fentanyl and thus reduces fentanyl 
requirements during urologic operations with neuroleptanesthesia. 


Key Words: NERVE: stimulator, transcutaneous cranial electrical. 


RANSCUTANEOUS © electrical stimulation in which stimulating electrodes are placed on specific 


(TENS) is successfully being used to treat some 
patients with chronic pain (1-3). There are also data 
from a number of investigators that indicate that 
TENS is an effective method of minimizing acute 
postoperative pain (4-7). A special form of TENS, 
transcutaneous cranial electrical stimulation (TCES), 
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areas of the head, is being used with increasing fre- 
quency as a supplement to NeO-neuroleptanesthesia 
in France and many other countries in Europe (8, 9). 
In a recent study (10), we demonstrated that TCES 
significantly increases the potency of N20 in unpre- 
medicated patients before surgery. This suggests that 
simultaneous use of TCES during clinical anesthesia 
might decrease patient requirements for inhalation or 
intravenous anesthetics. In this study we evaluated 
the influence of TCES on fentanyl requirements in 50 
adult patients undergoing suprapubic and retropubic 
prostatectomies with pure neuroleptanesthesia (dro- 
periodol, diazepam, fentanyl, and air-oxygen) with 
(group 1) or without (group II) simultaneous TCES. 


Methods 


The protocol was approved by the Necker Hospital 
Human Experimentation Committee. Informed con- 
sent was obtained from each patient at the time of the 
preoperative visit. 
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The patients were premedicated with atropine (0.1 
mg/15 kg IM) and diazepam (1.2 mg/10 kg IM) 60 
minutes before scheduled arrival in the operating 
room and randomly assigned to groups I and I. 
Patients were not informed as to which group they 
were assigned. Patients selected for inclusion in the 
study were A.S.A. class I or IJ and without significant 
cardiac, pulmonary, hepatic, or central nervous sys- 
tem dysfunction. Some patients had urinary obstruc- 
tive disease, but none had a serum blood urea nitrogen 
level greater than 50 mg/100 ml. 

Upon arrival in the operating room, the patient was 
given an intravenous infusion of dextrose 5% in water 
in an arm vein, a bipolar lead II electrocardiogram 
was continuously recorded (and used to determine 
heart rate), and a standard blood pressure cuff was 
applied to an upper arm before the study began. Then 
TCES-stimulating electrodes were applied to the head 
in all patients and their wire connections attached to 
the current generator. (This was done in all patients 
although only half of the patients had the current 
turned on.) 

The electrical stimulus was generated by a high- 
frequency (167 k Hz) generator. The wave form was 
a complex nonsinusoidal, biphasic nonsquare wave 
pattern (Figure) which was applied intermittently in 
a 3-msec-on and 10-msec-off sequence. The peak-to- 
peak intensity ranged between 250 to 300 mA (de- 
pending on patient skin resistance), but because of 
the biphasic nature of the wave, average intensity was 
0 mamp. (Our pulse generator is designed to produce 
a wave form composed of one positive impulse of 
high intensity and short duration followed by one 
negative impulse of low intensity and long duration. 





Figure. Wave form of electrical stirnulus used to produce trans- 
cutaneous cranial electrical stimulation. 
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As a result, average pulse intensity is 0 mamp.) Cur- 
rent was delivered to the patients’ cranial skin via 
three silver (paste-on) electrodes of 13.3 mm” area. 
The electrodes were applied between the eyebrows 
and one each over or slightly posterior to each mastoid 
process, depending on the patient’s natural hair line. 

Two anesthesiologists were responsible for anes- 
thesia in all patients. Both anesthetized equal numbers 
of patients in groups I and II. The anesthetists were 
blinded as to which patients were to receive TCES. 
Before induction, the TCES current was turned on in 
patients in group I by another investigator (not an 
anesthesiologist), who monitored the current genera- 
tor throughout the duration of anesthesia. He posi- 
tioned and covered the generator screen so that it was 
impossible for the anesthesiologist to determine 
whether TCES current was flowing. (Patients cannot 
tell whether or when the TCES current is turned on 
as it does not produce any detectable sensation.) 

All patients were given oxygen to breathe and had 
anesthesia induced with droperidol (0.15 mg/kg IV), 
diazepam (0.2 mg/kg IV), and pancuronium (0.08 mg/ 
kg IV). Three minutes after administration of pan- 
curonium, their tracheas were intubated with a Portex 
endotracheal tube and respirations controlled with 
40% oxygen and 60% nitrogen at rates (10 to 15 
breaths/min) and tidal volumes (10 to 12 ml/kg) 
necessary to maintain Paco,, as continuously esti- 
mated via end-tidal CO; analysis, at 37 to 43 torr. 
Anesthesia was maintained with 100-ug increments of 
intravenous fentanyl. Fentanyl was given every 3 min- 
utes whenever and as long as systolic arterial blood 
pressure and/or heart rate were 20% or more above 
control (preanesthetic induction) values or if patients 
demonstrated other evidence of light anesthesia, e.g., 
sweating, cutaneous flushing. Systolic arterial blood 
pressure and heart rate were measured every 5 min- 
utes throughout anesthesia and surgery except when 
either variable was 20% or more above control values 
at which times they were measured every minute. 
Muscle relaxation was maintained with pancuronium 
(1 to 2 mg IV) every 45 to 60 minutes throughout 
surgery. At the end of surgery, muscle relaxation was 
reversed with atropine (2.0 mg IV) and neostigmine 
(5.0 mg IV), and TCES was discontinued (group J). 
When respiratory rate was greater than 8 breaths per 
minute and tidal volume >5 ml/kg (as measured via 
a Wright spirometer in the exahalation limb of the 
circle system) patients were extubated. Patients were 
interviewed 24 hours after surgery and questioned 
about memories of the anesthetic and surgical pro- 
cedures. 
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Data were analyzed for statistical significance using 
Student’s unpaired t-test and the chi-square test; p 
< 0.05 was considered statistically significant. 


Results 


The ages (68 + 8, mean + SD), weights (72 + 12 
kg), preoperative heart rates (80 + 8 beats/min), 
systolic arterial blood pressures (122 + 11 torr), and 
operative times (123 + 34 min) were similar in the 
two groups. These values were analyzed using Stu- 
dent’s unpaired t-test. None of the patients were 
taking diuretics, digitalis preparations, beta-adrener- 
gic blocking drugs, calcium blocking drugs, vasodi- 
lators, or other cardiac medications before surgery. 

Fentanyl requirements averaged 6.1 + 0.5 and 7.9 
+ 0.4 pg/kg/min for mean total dosages of 9.0 + 0.9 
and 12.5 + 0.8 pg/kg for the entire operation in group 
I and II, respectively. Differences in fentanyl dosage 
between the two groups were statistically significant 
(p < 0.005). All patients were responsive to command 
and spontaneously breathing at rates of 12 breaths 
per minute or greater within 15 minutes of the end of 
surgery. No patient required a narcotic antagonist. 
When interviewed 24 hours after surgery, no patient 
remembered any aspect of tracheal intubation, or the 
anesthetic or surgical procedures. 


Discussion 


The results of this study demonstrate that transcu- 
taneous cranial electrical stimulation significantly in- 
creases analgesia during neuroleptanesthesia and thus 
reduces fentanyl requirements during urologic oper- 
ations. Analgesia with TCES appears to be achieved 
without harmful effects to the patients and without 
increases in the duration of postoperative respiratory 
or central nervous system depression. 

In a recent study (10) we demonstrated that TCES 
potentiates both the analgesic and amnesic actions of 
N:O and thus deepens anesthesia with N2O in man. 
The mechanism by which TCES produces increased 
analgesia and amnesia with NeO and increased anal- 
gesia during neuroleptanesthesia with droperidol, di- 
azepam, and fentanyl is unknown. Volunteers having 
TCES without NeO for 1 hour are not sleepy or 
amnesic, but 40% of them report a warm and tingling 
sensation all over their bodies and 70% are objectively 
analgesic to many forms of painful stimulation (T. H. 
Stanley, A. Limoge, unpublished data, 1980). Similar 
results have been obtained with some TENS units in 
patients with chronic pain (4-7). It has been suggested 


that TENS units may stimulate certain receptor sites 
situated in the spinal cord, in the central gray area of 
the brain, and perhaps other areas of the central 
nervous system which regulate the perception of so- 
matic pain and/or produce analgesia (11). Direct elec- 
trical stimulation of these receptor sites has been 
shown to result in pain relief which can be antago- 
nized by narcotic antagonists (12, 13). Whether TCES 
stimulates central nervous system opiate receptors 
directly, indirectly (via stimulation of cutaneous 
nerves with secondary transmission of impulses up 
the spinal cord to the brain), or at all is unknown. In 
patients subjected to craniotomy with TCES, droper- 
idol, fentanyl, and NeO anesthesia, it has been pos- 
sible to measure changes in electrical potential within 
cerebral cortical tissue when TCES current is applied 
(A. Limoge, unpublished data, 1979). It is unknown, 
at this time, whether similar electrical potential 
changes occur in other areas of the brain (i.e., the 
central grey area where high concentrations of opiate 
receptors are known to exist) and if so, whether such 
changes are effective in stimulating opiate receptors. 

There are data that demonstrate that the analgesic 
actions of TENS can be reversed with antagonists 
such as naloxone (14). TCES also produces analgesia 
in patients with chronic pain which can be antago- 
nized by naloxone (A. Limoge, unpublished data, 
1979). This suggests that TENS and TCES may be 
producing analgesia by stimulating increased produc- 
tion and/or release of endogenous analgesics, the 
endorphins, enkephalins, and/or other neuro- 
transmitters. Whether this is in fact true, has, at least 
to our knowledge, not yet been documented in man. 

It is clear from this investigation, from our previous 
study with N2O, and from our unpublished observa- 
tions in unanaesthetized volunteers that TCES pro- 
vides some analgesia and perhaps some amnesia but 
not enough by itself to be used as an anesthetic. 
Whether TCES or any form of TENS provides advan- 
tages when used during anesthesia has not yet been 
documented. Theoretically, lower doses of narcotics 
or lower concentrations of inhalation anesthestics 
should result in less major organ system alterations 
in function during anesthesia. This could mean that 
anesthesia with TCES produces less physiologic insult 
than more standard anesthetic techniques and results 
in a shorter postoperative recovery period. In our 
previous study (10), we found that analgesia after 
TCES lasted into the early postanesthetic recovery 
period, after N2O was gone. This suggests that intra- 
operative use of TCES might reduce postanesthetic 
analgesic requirements. Unfortunately, many more 
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carefully performed studies are needed before any of 
these or other theoretical advantages of TCES can be 
confirmed. 

In conclusion, the results of this study demonstrate 
that transcutaneous cranial electrical stimulation 
(TCES) significantly increases the degree of analgesia 
achieved during neuroleptanesthesia for urologic op- 
erations and thus reduces intraoperative fentanyl re- 
quirements. These findings suggest that simultaneous 
use of TCES and neuroleptic compounds during neu- 
roleptanesthesia may provide advantages when com- 
pared with using neuroleptic compounds by them- 
selves. 
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ScubDenri, P. E., McLeskey, C. H., AND COMER, P. B.: Emergency 
percutaneous transtracheal ventilation during anesthesia using 
readily available equipment. Anesth Analg 1982;61:867-870. 


Percutaneous transtrachea! ventilation has been described as a 
possibie technique for use during anesthesia in the management 
of acute upper airway obstruction. This study describes a mod- 
ified percutaneous transtracheal ventilation device for use with 
standard anesthesia machines. Unlike previously reported de- 
vices, this device does not require specialized equipment or 
prior assembly. The efficacy of this device was tested on anes- 
thetized dogs. Adequate ventilation was easily maintained as 
documented by serial arterial blood gas determinations, and the 
device also proved capable of reversing severe hypercapnea 
such as might result from upper airway obstruction. Extrapola- 
tion of the data obtained from these experiments indicates that 
this device, if used properly, should provide adequate ventilation 
and oxygenation in adult humans. 


Key Words: VENTILATION: transtracheal. 


Percutaneous transtracheal ventilation (PTV) was 


* Fellow. 

+ Assistant Professor. 

+ Associate Professor. Present address: 1830 Walnut Street, Rock 
Springs, WY. 

Received from the Department of Anesthesia, Wake Forest 
University, The Bowman Gray School of Medicine, Winston- 
Salem, North Carolina 27103. Accepted for publication June 17, 
1982. 

Reprint requests to Dr. Scuderi. 





veclanicall 


COMMUNICATION 


first described approximately 10 years ago (1, 2). Since 
that time, there have been numerous reports of the 
use of this technique both during anesthesia (1, 3, 4) 
and as an alternate means of ventilatory support 
during acute upper airway obstruction (5-10). This 
technique, if used properly, provides adequate venti- 
lation and oxygenation with low morbidity and mor- 
tality. 

A careful preoperative evaluation will usually un- 
cover upper airway abnormalities that would make 
intubation difficult. This allows time for planning and 
preparation of optional intubation equipment. Occa- 
sionally, however, a situation may arise in which 
unanticipated airway obstruction occurs acutely. All 
previously reported devices for delivering PTV re- 
quire prior assembly of customized regulators, special 
tubing, or connectors with or without toggle or push- 
button pneumatic valves coupled to special high-pres- 
sure oxygen or air sources (1-10). If conventional 
techniques fail to establish an airway, little time may 
be left to locate this specialized equipment. We de- 
scribe a modified PTV device that can be assembled 
rapidly from parts found on virtually any anesthesia 
machine, and we also report results documenting 
adequate ventilation with this device in an animal 
model. 


Description of Device 


To assemble the device, the fresh gas hose from the 
anesthesia machine is disconnected from the COx 
absorber-circle system and connected to a length of 
standard oxygen tubing (e.g., #115 Hudson Oxygen 
Therapy Sales, Temecula, CA) with a double-end 
connector (e.g., #360, Pharmaseal, Inc., Toa Alta, PR) 
(see Fig 1). The trachea is then cannulated through 
the cricothyroid membrane using a 14-gauge, 5-cm 
plastic over the needle intravenous catheter (e.g. 
#2812 Deseret, Sandy, UT). A syringe attached to the 
intravenous catheter permits constant aspiration while 
the tracheal puncture is performed; air aspiration 
provides confirmation that the catheter is within the 
lumen of the trachea. The catheter is advanced toward 
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Fig 1. Individual parts of PTV device: A, Angiocath 14-gauge; B, three-way plastic stopcock; C, oxygen tubing; D, double end 


connector; E, fresh gas hose from anesthesia machine. 


the carina after the needle has been removed. The 
intratracheal position is again confirmed by aspiration 
and injection of air. A three-way plastic stopcock 
(e.g., model #75, Pharmaseal) is placed between the 
oxygen tubing and the hub of the 14-gauge crico- 
thyroid catheter to serve as a connector. The male end 
of the stopcock fits into the hub of catheter. The 
oxygen tubing will fit tightly over the female end of 
the stopcock, thus providing a readily available 
adapter for securing oxygen tubing to catheter. Ven- 
tilation with 100% oxygen is accomplished by inter- 
mittently activating the flush system on the anesthesia 
machine while holding the catheter in place by hand. 
Exhalation occurs passively through the larynx when 
the oxygen flush valve is released. The effectiveness 
of this device was tested in apneic dogs and is reported 
below. 


Methods 


Four mongrel dogs (20 to 23 kg each) were anes- 
thetized with sodium pentobarbital (15 mg/kg IV) 
and, following tracheal intubation, paralyzed with 
pancuronium (0.1 mg/kg) with respiration in the su- 
pine position maintained using a Harvard ventilator 
before the onset of the experiment. Tidal volumes of 
15 ml/kg were delivered at a rate adjusted to maintain 
Paco, between 35 and 45 torr. The femoral artery was 
cannulated to permit monitoring of blood pressure 
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and heart rate, and sampling of arterial blood. Tidal 
volume was measured indirectly with a Manning 
pneumograph. A 14-gauge, 13-cm catheter was then 
inserted percutaneously through the cricothyroid 
membrane and advanced distally in the trachea to the 
level of the carina. Airway pressures were measured 
through this catheter with a Statham transducer 
(model #P23PD) and recorded on a Grass model 7 
polygraph. Arterial blood gas tensions were measured 
using an IL model 213 machine. The experimental 
protocol was divided into two parts. 


Part I 


After adjusting ventilation to within the above men- 
tioned limits, the trachea was extubated. An addi- 
tional 14-gauge, 5-cm catheter was then inserted into 
the trachea as described under “Description of De- 
vice” and percutaneous transtracheal ventilation was 
begun. An attempt was made to provide uniform 
ventilation (rate approximately 8 breaths/min, tidal 
volume approximately 400 ml) by observing the pol- 
yeraph tracing. Arterial blood samples were drawn 
serially at 5-minute intervals during the next 30 min- 
utes. Ventilation was adjusted based on blood gas 
tension measurements. 

On two occasions during the 30 minutes of percu- 
taneous transtracheal ventilation, a 10-second period 
of sustained insufflation was performed by maintain- 
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ing a constant O; “flush” through the PTV catheter 
to determine the maximum airway pressure and max- 
imum tidal volume that could be delivered with this 
device. 


Part Il 


To assess the ability of the device to reverse rapidly 
severe hypercapnia, each animal was allowed to re- 
main apneic to permit respiratory acidosis to develop. 
Oxygenation was maintained during apnea by deliv- 
ering oxygen through the PTV catheter at 2 L/min. 
When the Paco, reached approximately 100 torr, PTV 
was started with tidal volumes of approximately 400 
to 500 ml delivered at the maximum rate obtainable. 
Serial arterial blood gas tensions were measured. 

After 20 minutes, PTV was discontinued, the tra- 
chea was reintubated, and the animals were ventilated 
until they recovered sufficiently from the anesthetic 
to permit extubation. 


Results 
Part I 


During 30 minutes of percutaneous transtracheal 
ventilation, tidal volumes of 438 + 140 ml (mean + 
SEM) were delivered at a frequency of 8.5 + 0.3 
breaths per minute. Throughout this period normo- 
carbia was maintained and hypoxia was avoided (see 
Fig 2). Pressure generated in the upper airway during 
PTV was 12 + 1.2 cm HO. 

Blood pressure and heart rate remained at base line 
levels throughout the 30-minute test period. The max- 
imum airway pressure that could be generated by this 
device under these experimental conditions was 28 
+ 1.4 cm H2O which resulted in a tidal volume of 838 
+ 140 ml. Mean blood pressure declined approxi- 
mately 15 to 20 mm Hg when maximum airway 
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Fig 2. Arterial oxygen and carbon dioxide tensions during 30 
minutes of PTV (mean + SEM). 
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Fig 3. Arterial oxygen and carbon dioxide tensions after apneic 
oxygenation followed by 20 minutes of PTV (mean + SEM). 


pressures were recorded but rapidly returned to base 
line during passive exhalation. 


Part I 


Ventilation with the PTV device rapidly reversed 
hypercapnia produced during apneic oxygenation. 
Normocarbia was obtained within 4 minutes (see Fig 
3). Arterial oxygenation was well maintained by low- 
flow oxygenation during the period of apnea (Pao, > 
400 torr). Heart rate and blood pressure did not 
increase either during apneic oxygenation or during 
the period of hyperventilation which followed. The 
maximum ventilatory rate that could be sustained was 
17.3 + 1.1 breaths per minute with a tidal volume of 
457 + 41 ml. 


Discussion 


Percutaneous transtracheal ventilation has been the 
subject of many reports demonstrating a number of 
different devices for successful use during both an- 
esthesia (1, 3, 4) and emergency airway management 
(5-10). All the devices previously reported, however, 
require prior assembly and/or purchase of special 
articles of equipment. During anesthesia for patients 
with suspected upper airway abnormalities, it is pos- 
sible to have specialized equipment available. How- 
ever, where an unsuspected airway management 
problem arises that cannot be solved by conventional 
techniques, there may not be time to send for com- 
mercial PTV devices which are often stored in a 
central location within the operating room. As sug- 
gested by DeLisser and Muravchick (9), ideally an 
optional PTV system should be made available and 
kept on each anesthesia machine. However, in lieu of 
this, the PTV device described in this report may be 
quickly assembled from readily available items. 
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Fig 4. Flow rates through PTV device using different size cath- 
eters and different anesthesia machines: A, Ohio Kinet-O-Meter; 
B, Ohio Modulus; C, Foregger Foretrend 300. 


Proper functioning of any PTV device requires that 
adequate flow rates be delivered through the catheter. 
The data herein described were obtained using an 
Ohio Kinet-O-Meter anesthesia machine, which gen- 
erated flows of approximately 800 ml/sec through the 
PTV device. Flow rates through different sizes of 
catheters using various anesthesia machines are 
shown in Fig 4. In some cases, adequate flow rates 
and hence adequate ventilation might be maintained 
through a smaller cricothyroid catheter. However, 
because of the variability of flow rates generated by 
different anesthesia machines, we recommend use of 
14-gauge catheters for PTV in adult patients. 

The data presented here demonstrate that our de- 
vice can provide more than adequate ventilation and 
oxygenation for prolonged periods of time in dogs. 
Projecting these results to an adult human, we predict 
that adequate minute ventilation could be delivered. 
Total pulmonary compliance is affected by numerous 
factors including lung volume, posture, age, and an- 
esthesia. In anesthetized, paralyzed human subjects, 
total compliance ranges from approximately 60 ml/ 
cm HzO (dynamic) to 85 ml/cm HeO (static) (11). The 
upper airway pressures generated by our PTV device 
should provide adequate tidal volumes without ex- 
ceeding safe upper airway pressures (12). 

Safe use of PTV with any device requires a patent 
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larynx to permit passive exhalation. In patients in 
whom laryngospasm or total upper airway obstruc- 
tion is present, this device may be used for low-flow 
apneic oxygenation by reducing the flow of oxygen 
from the anesthesia machine. This would allow time 
for more definitive measures, such as tracheostomy, 
while adequate oxygenation is maintained. Hypercap- 
nia that develops during apneic oxygenation has been 
shown to be well tolerated if hypoxemia is avoided 
(13). Reported complications with various PTV de- 
vices are usually minor; however, the possibility of 
serious complications does exist (14). During this 
experiment no immediate difficulties were encoun- 
tered, and all dogs had uneventful recovery from 
anesthesia. There were no complications noted during 
the week following the experiment. 

The PTV device presented here is a simple and safe 
method for treating unexpected upper airway obstruc- 
tion in the operating room when conventional tech- 
niques fail. The device provided more than adequate 
oxygenation and ventilation in the experimental 
model tested. Although we do not recommend that 
this PTV device be used in place of standard airway 
management techniques, in selected cases its use 
might prevent asphyxiation when conventional meth- 
ods of airway management fail. 
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A Gravity-Driven 
Continuous Flush System 
for Vascular Catheters 


Kenneth A. Haselby, MD,* and 
Stephen F. Dierdorf, MD* 


The use of indwelling vascular catheters for contin- 
uous monitoring of arterial blood pressure and cardiac 
filling pressures is commonplace in the operating 
room and intensive care unit. Complications of intra- 
arterial cannulation include arterial thrombosis, is- 
chemia of distal areas of the extremity, skin necrosis, 
and aneurysm formation (1-3). 

To decrease the risk of thrombosis, the continuous 
infusion of heparinized solution into the cannulated 
vessel at low rates (1 to 3 ml/hr) is standard practice. 
Two methods of continuous infusion are currently 
utilized: (a) electrical infusion pumps, and (b) intra- 
vascular infusion of flush solution under high pres- 
sure (300 torr) metered through a small capillary tube. 
The continuous flush device also permits rapid flush- 
ing to purge the pressure monitoring line of blood 
and air. The usual source of high pressure flush 
solution used in conjunction with the continuous 
flush device is a 250-ml plastic bag of heparinized 
solution pressurized to 300 torr with an inflatable 
blood pump. Specific hazards of this high pressure 
system are the rapid infusion of large volumes of 
solution or air if the metering device fails, and an 
inability to monitor accurately the volume of solution 
infused. Furthermore, a leak in the blood pump will 
cause a loss of pressure with subsequent retrograde 
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flow of blood into the pressure monitoring line and 
transducer. These flush devices can also result in a 
false elevation of the monitored pressure (4). These 
hazards are of considerable significance in the infant 
and small child. To obviate the hazards of the cur- 
rently used pressurized system we have constructed 
a gravity-driven source of high pressure flush solu- 
tion. 


Description of System 


The device consists of a 2.7-kg cylindrical weight 
housed within a section of 37-mm diameter polyvi- 
nylchloride pipe. The weight is applied to the plunger 
of a 50-ml calibrated plastic syringe that has been 
inserted into one end of the pipe (Figure). The weight 
has a handle that protrudes through a “J’”-shaped slot 
in the pipe which permits the user to remove the 
weight from the syringe plunger when refilling the 
syringe or before insertion of the vascular cannula. 
The mass of the cylindrical weight was chosen to 
produce a pressure of 300 torr in the syringe. A 
pressure of 50 torr is required to overcome the fric- 
tional resistance of the syringe plunger in the barrel. 
The weight therefore generates the equivalent of 350 
torr over the cross-sectional area of the syringe 
plunger. The polyvinylchloride housing is suspended 
from an intravenous bottle stand. The syringe is 
connected to the continuous flush device with a 20- 
cm intravenous extension tube. 

The total volume of flush administered can easily 
be monitored by visual inspection of the volume 
change on the 50-m1 syringe barrel. The volume of 
flush given during a rapid flush can likewise be 
controlled by observing the movement of the syringe 
plunger and releasing the rapid flush valve as soon as 
the desired volume of flush solution has been admin- 
istered. We have used this device for more than 1000 
vascular catheters without complication. The only 
problem has been the occasional finding of a syringe 
with a very tight fit between the barrel and the 
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FIGURE. Gravity-driven continuous flush system. Stippled area 
represents weight that is housed within pipe. 


plunger. This problem is recognized by the failure of 
the syringe plunger to move during a rapid flush. 


Discussion 


Because the use of indwelling vascular catheters as 
perioperative monitors has become routine practice, 
it is imperative that the complications of these inva- 
sive monitors be minimized. Continuous flushing is 
considered essential to maintain the patency of both 
the cannula and the vessel. Besides the hazards of 
vascular cannulation there are also hazards of the 
currently used high pressure flush systems. The air- 
inflated blood pump may leak; with loss of the pres- 
sure head blood can leak back into the catheter and 
pressure monitoring line. If the catheter becomes 
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occluded, it must be removed. It is also possible, by 
the excessive use of the rapid flush feature, to infuse 
a large volume of flush solution as there is no way to 
monitor precisely the volume of flush solution ad- 
ministered. We have encountered some continuous 
flush devices in which the flush valve has become 
lodged in the open position, resulting in rapid solution 
administration. There is also a potential risk of air 
embolization from air bubbles pressurized into the 
flush solution. This risk is greatest when microdrip 
chambers are used to connect the pressurized bag to 
the continuous flush device (5). The electrical infusion 
pumps are of two types. The electrical pumps which 
utilize a high-volume fluid reservoir have the same 
hazards as the pneumatic systems. The electrical sy- 
ringe pumps, although expensive, do provide an ac- 
curate method of monitoring volume infusion. 

Our gravity-driven device eliminates many of the 
hazards of the pneumatic-powered devices such as 
overinfusion and air embolization. The gravity device 
is simple to use, inexpensive to construct, and requires 
no electrical or pneumatic power source. It is espe- 
cially suited for use in the infant and small child. It 
can be used for arterial, central venous, and pulmo- 
nary arterial catheters. 
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Ketamine and Myoclonic 
Encephalopathy of Infants 
(Kinsbourne Syndrome) 


Frederick A. Burrows, MD,* and 
Robert G. Seeman, MDT 


Anesthesiologists are frequently called on to pro- 
vide assistance for diagnostic procedures in young, 
uncooperative children. In many such situations, 
painful stimulation is minimal and the requirement 
for immobility is brief. Ketamine hydrochloride, in- 
tramuscularly or intravenously, has often been rec- 
ommended for such procedures (1-3). We used this 
agent in a child with myoclonic encephalopathy of 
infants and encountered an unexpected complication. 
We describe our experience and discuss the anesthetic 
considerations for this rare condition. 


Case Report 


A 12-month-old, 9.3-kg male infant was admitted to 
Children’s Hospital for observation and evaluation of op- 
soclonus, myoclonus, and ataxia. The child was the product 
of a full-term, uncomplicated pregnancy in a 25-year-old 
primigravida. Labor began spontaneously and lasted 17 
hours; the child was delivered with the aid of spinal anes- 
thesia and outlet forceps without complication. Apgar scores 
were 7 at 1 minute and 8 at 5 minutes. Past medical history 
was unremarkable and developmental milestones were nor- 
mal. Two days before admission, he spontaneously devel- 
oped opsoclonus, characterized by chaotic eye movements, 
and myoclonus involving all four extremities, usually one 
extremity at a time. His gait and balance became unsteady 
and he reverted to crawling from walking. 

Neurologic examination on admission revealed chaotic, 
conjugate, and jerking eye movements. Motor examination 
revealed asymmetrical, fast jerking movements of all ex- 
tremities as well as truncal instability on sitting. Terminal 
dysmetria was present when reaching for objects and a 
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positive Babinski was present bilaterally. Laboratory studies 
including cerebral computed tomography (CT), electroen- 
cephalography (EEG), and cerebral spinal fluid (CSF) anal- 
ysis were within norma! limits. Findings from serum protein 
electrophoresis were normal, and viral cultures were nega- 
tive. 

The clinical diagnosis at this time was myoclonic enceph- 
alopathy of infants. Because this syndrome may be associ- 
ated with an occult neoplasm (4) a work-up for neuroblas- 
toma was initiated. Although urine vanillylmandelic acid 
values were normal, abdominal CT scan showed a mass 
extending from the kidney to the vertebral column. 

Exploratory laparotomy was performed. The anesthetic 
technique consisted of a narcotic (morphine sulfate) relaxant 
(pancuronium bromide) sequence with nitrous oxide in 
oxygen. All visible tumor was removed. Frozen section at 
the time of surgery showed margins free of tumor. Patho- 
logic review revealed islands of neuroblastoma surrounded 
by stroma of a ganglioneuroma with neurofibromatous 
changes at the edge of the surgical specimen. Anesthesia 
and surgery were uncomplicated. 

Eight days after surgery, a myelogram was scheduled to 
assess possible spinal cord involvement. The patient’s con- 
dition was unchanged with persistent myoclonus, opso- 
clonus, and ataxia. No oral feedings were given for 6 hours 
before induction of anesthesia; atropine, 0.1 mg, was ad- 
ministered intramuscularly 45 minutes before the myelo- 
gram was performed. Blood pressure, respirations, and 
electrocardiogram were monitored. Anesthesia was induced 
with an intramuscular injection of ketamine hydrochloride, 
50 mg. Over the next 3 minutes myoclonus and opsocionus 
increased in severity. An intravenous catheter was inserted 
and additional ketamine, 10 mg, was administered intrave- 
nously, but the severe myoclonus and opsoclonus persisted. 
As the procedure could not be performed because of the 
continued movement, sodium thiopental, 10 mg, was ad- 
ministered intravenously. Abnormal movements ceased im- 
mediately. The patient was than positioned and the mye- 
logram was performed without further difficulty or addi- 
tional anesthesia. During recovery, myoclonus and opso- 
clonus reappeared. 

The myelogram findings were normal. The child was felt 
to have stage I-II neuroblastoma and additional therapy was 
deemed unnecessary. Four months later the child still ex- 
hibited the clinical features of the myoclonic encephalop- 
athy of infants with’ mild spontaneous improvement. 


Discussion 


Myoclonic encephalopathy of infants (MEI), also 
known as the “dancing eyes, dancing feet” syndrome 
or the Kinsbourne syndrome, was first described by 
Kinsbourne in 1962 (5). The syndrome consists of a 
triad of cerebellar ataxia, opsoclonus {irregular eye 
movements in the horizontal and vertical planes), and 


873 


ANESTHESIA AND ANALGESIA 
Vol 61, No 10, October 1982 


CLINICAL REPORTS 


myoclonus (irregular jerking of the muscles of the 
trunk and limbs). Laboratory findings including EEG 
are typically normal (4-6), but no studies utilizing 
deep electrode implantation have been carried out. 
As the surface EEG represents only a small fraction 
of the electrical activity deep in the brain, it is possible 
that deep ongoing seizure activity may be producing 
the clinical picture of MEI. 

MEI is a rare syndrome; fewer than 100 cases have 
been reported in the literature (4). MEI is known to 
occur in two situations: 54% of cases follow an infec- 
tious episode (primarily respiratory or gastrointes- 
tinal); 46% are associated with a neuroblastoma (4). 
The etiology of MEI is unclear. Because of the clinical 
manifestations, cerebellar and brainstem structures 
would be expected to be involved, but laboratory and 
postmortem pathologic studies have failed to dem- 
onstrate any abnormalities in these areas. Clinical 
improvement with steroid therapy and/or tumor re- 
moval suggests some form of immunologic involve- 
ment (7). 

The wisdom of using ketamine in children with 
this disorder can be questioned. The administration 
of ketamine produces a cataleptic state characterized 
by the presence of nystagmus. Purposeful movements 
unrelated to surgical stimulation may be present (8) 
as may increases in muscle tone (9), generalized ex- 
tensor spasms (10), and purposeless movements (1, 2, 
3, 11) that may interfere with surgical or diagnostic 
procedures (3). It has been suggested that the abnor- 
mal muscle movements reflect increased activity in 
the limbic and thalamic regions despite a normal 
surface EEG (11). 

The ability of ketamine to increase electrical activity 
in the neocortex, hippocampus, and other subcortical 
regions while leaving cortical regions unaffected was 
first demonstrated in cats by depth electrode moni- 
toring (12). Clinically, depth electrode recordings in 
adult patients with severe epilepsy showed a consist- 
ent increase in limbic and temporal electrical activity, 
after the administration of ketamine, without corre- 
sponding increases in electrical activity in surface EEG 
patterns (11). 

In children, surface EEG patterns after ketamine 
administration are the same as those demonstrated in 
adults (13). In both children and adults, surface EEG 
electrical abnormalities suggestive of increased sub- 
cortical (epileptiform) activity have been reported. In 
these cases, this activity increased after the adminis- 
tration of ketamine (13, 14). 

The clinical manifestations of MEI may result from 
a lesion involving subcortical areas of brain not re- 
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flected by surface EEG patterns. The administration 
of ketamine could further stimulate these areas with 
a result increase in myoclonus and opsoclonus as we 
observed. 

What was surprising was the small dose of sodium 
thiopental that was required to abolish the abnormal 
movements. The requirement of such small doses has 
been previously noted by Radnay and Badola (10), 
who used small doses of pentobarbital sodium, 2 mg/ 
kg, to treat generalized extensor spasm occurring 
during recovery from ketamine anesthesia for minor 
surgery. Our case is different in that pathology was 
present before the administration of ketamine. All 
clinical symptoms were abolished with the adminis- 
tration of thiopental, implying the presence of an 
irritable focus; the activity of such a focus would be 
expected to be abolished by a central nervous system 
depressant (11) as we observed. 

A second reason for avoiding ketamine in children 
with MEI is the high incidence of neuroendocrine 
tumors in this condition (4). Ketamine may result in 
catecholamine release with consequent elevations in 
heart rate and blood pressure and tachyarrhythmias 
as was reported in patients with pheochromocytoma 
(15). 

In summary, we feel that in children with MEI 
ketamine should be avoided because it may potentiate 
myoclonus and opsoclonus and because it may cause 
further sympathetic stimulation in patients with neu- 
roendocrine tumors. 

If anesthesia is required for major surgery, we feel 
that a technique appropriate for a patient with a 
neuroendocrine tumor, such as a nitrous oxide in 
oxygen, narcotic, relaxant technique, or a technique 
utilizing enflurane, be utilized (15, 16). For procedures 
involving minimal stimulation, such as CT scan, mye- 
logram, or radiotherapy, intravenous, intramuscular 
or, rectal barbiturates may provide sufficient sedation 
(or anesthesia) for performing the procedure (1). 
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Cannulation of the Dorsal 
Radial Artery: 
A New Technique 


Stephen T. Pyles, MD,* 
Kenneth S. Scher, MD,+ 
Elmer T. Vega, MD, 
John D. Harrah, MD,§ and 
Lorraine J. Rubis, MD] 


Percutaneous cannulation of the radial artery is 
commonly performed to monitor arterial blood pres- 
sure and obtain arterial blood samples for blood gas 
analysis. The radial artery is usually entered on the 
volar aspect of the wrist. It is also possible to cannulate 
the radial artery on the dorsum of the hand, where it 
emerges from the anatomic snuffbox. Here the radial 
artery assumes a superficial location, passing beneath 
the tendon of the extensor pollicis longus and between 
the bases of the first and second metacarpals. This 
report reviews our experience with dorsal radial ar- 
terial cannulation. 


Methods 


Dorsal cannulation of the radial artery, as it 
emerges from the anatomic snuffbox, was attempted 
in 45 consecutive patients undergoing elective vascu- 
lar reconstructive procedures. An Allen’s test (1) was 
performed to confirm the presence of a patent ulnar 
collateral blood supply to the hand. The location of 
the radial artery was determined by palpation of the 
pulse on the dorsum of the hand between the bases 
of the first and second metacarpals. The skin was 
prepared with povidone-iodine solution, and after 
raising a skin wheal with 1% lidocaine, a 20-gauge 
Teflon catheter was inserted percutaneously. When 
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a brisk blood return was obtained, the catheter was 
advanced to the hub, a distance of 2.8 cm. Once in 
place, the catheter was continuously flushed with a 
heparin solution, connected to an arterial transducer, 
and secured. The hand was immobilized in the posi- 
tion of function. Daily evaluations of the hand were 
performed while the catheters were in place and again 
48 hours following removal. 


Results 


Successful cannulation of the dorsal radial artery 
was achieved in 35 of the 45 patients. Although 
successful radial arterial cannulation was accom- 
plished in 78% of the patients in this series, more than 
one pass was required in 11 patients before satisfac- 
tory catheter placement was achieved. When the dor- 
sal radial artery could not be cannulated, the catheter 
was then inserted into the radial artery on the volar 
surface of the wrist. 

The mean duration of dorsal radial arterial cannu- 
lation was 39 hours (range 1 to 120 hours). There 
were no instances of digital ischemia, pain, or pares- 
thesias in the hand following removal of the catheter. 
All patients continued to have a palpable volar radial 
pulse and an intact superficial palmar arch by clinical 
evaluation. 


Discussion 


Digital ischemia with loss of tissue is a grave com- 
plication of radial arterial cannulation. This compli- 
cation has been attributed by many authors (2-5) to 
thrombosis of the volar radial artery at the site of 
catheter insertion with embolization to the superficial 
palmar arch. Many factors have been shown to in- 
crease the frequency of radial arterial occlusion (6, 7). 
Both catheter size and type of catheter material influ- 
ence the incidence of arterial occlusion. The use of 
18-gauge catheters is associated with a greater like- 
lihood of thrombosis than the use of 20-gauge cath- 
eters. Similarly, polypropylene catheters cause arterial 
occlusion more frequently than do Teflon catheters. 
Other factors that promote development of radial 
arterial occlusion include duration of cannulation, 
arterial cut-down, multiple arterial punctures, devel- 
opment of hematoma, hypothermia, and low cardiac 
output. 

The digital arteries that supply the fingers arise 
from the superficial palmar arch. The latter is formed 
from the anastomosis of the palmar branch of the 
radial artery with the ulnar artery. The radial arterial 
contribution to the superficial palmar arch, the palmar 
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branch of the radial artery, arises from the main radial 
artery on the volar surface of the wrist before the 
latter enters the anatomic snuffbox (Fig 1). It should 
prove advantageous to cannulate the radial artery on 
the dorsum of the hand as it emerges from the snuff- 
box because this site is distal to the origin of the 
palmar brar.ch of the radial artery. Sparing this im- 
portant collateral vessel should, therefore, Further de- 
crease the incidence of digital ischemia. In contrast, 
when. the radial artery is cannulated on the volar 
aspect of the wrist, any thrombus that develops will 
occlude the radial contribution to the superficial pal- 
mar arch. The palmar branch of the radial artery also 
provides important vasculature to the thumb (8). 
The volar aspect of the wrist is a popular site for 
arterial catheter insertion because of the superficial 
position of the radial artery in this location. It is 
important tc note that the radial artery on the dorsum 
of the hand also occupies a superficial position as it 
emerges from the anatomic snuffbox. The dorsal ra- 
dial artery passes beneath the tendon of the extensor 





Fig 1. Arteriogram of hand. Sites of volar and dorsal cannula- 
tion are marked by arrows. Site of dorsal cannulation is distal to 
origin of palmar branch of radial artery. 
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Fig 2. Cadaver dissection showing dorsal radial artery (a) 
emerging from anatomic snuffbox, passing beneath tendon to 
extensor pollicis longus (b). Note proximity of cephalic vein (c). 


pollicis longus and between the bases of the first and 
second metacarpals. These anatomic relationships are 
demonstrated in the cadaver dissection of the ana- 
tomic snuffbox (Fig 2). That the dorsal radial artery is 
readily accessible was recently demonstrated by Me- 
higan and McAlexander (9) who performed arterio- 
venous fistulas for hemodialysis in this location with 
minimal dissection. 

In addition to its superficial location, the size of the 
radial artery in the snuffbox is comparable to that at 
the wrist. Ten upper extremity arteriograms were 
reviewed and the radial artery diameters were meas- 
ured at the volar and dorsal sites, mean diameter of 
the volar radial artery at the wrist was 2.3 mm. Mean 
diameter of the dorsal radial artery was 2.0 mm. As 
stated by Bedford {7), the relationship of the cannula 
diameter to arterial diameter is an important consid- 
eration. The incidence of arterial thrombosis increases 
as cannula diameter increases relative to vessel di- 
ameter, because blood flow around the cannula is 
reduced. As the arterial diameters are comparable at 
the two sites, blood flow around a 20-gauge cannula 
should be similar. 

When a radial arterial catheter is inserted on the 
volar surface of the wrist, it is customary to immobi- 
lize the wrist in hyperextension. In contrast, when the 
dorsal insertion site is used, the hand is secured in 
the position of function. This position was readily 
tolerated by the patients in this series. 

Cannulation of the dorsal radial artery as it emerges 
from the anatomic snuffbox is a safe alternative to 
cannulation of the artery on the volar aspect of the 
wrist. Successful cannulation was achieved in 35 of 
the 45 (78%) patients. This was our initial clinical 
experience with a new technique. It is anticipated that 
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additional experience will result in an increased can- 
nulation rate. Furthermore, percutaneous volar radial 
arterial cannulation is not always successful. Some 
patients require arterial cut-down for catheter inser- 
tion. 

The principal advantage of this new technique is 
preservation of the palmar branch of the radial artery 
which is an important contributor to the superficial 
palmar arch. Sparing this important collateral vessel 
should decrease the incidence of digital ischemia. 
Additional experience is required. 
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Carotid endarterectomy has become the definitive 
treatment for extracranial carotid artery disease as- 
sociated with cerebrovascular insufficiency. The pro- 
cedure includes clamping of the common, internal, 
and external carotid arteries during removal of the 
obstructive lesion and reconstruction. Every effort 
needs to be made to prevent ischemic brain damage 
during the reconstructive surgery. Because of individ- 
ual variability in the effectiveness of collateral circu- 
lation through the circle of Willis, there are no reliable 
tests predicting ischemic brain damage during carotid 
artery clamping. To prevent a possible ischemic insult, 
some surgeons use a bypass shunt (1), whereas others 
refrain from using the shunt because of associated 
intimal damage, risk of embolization, and impediment 
to surgical procedure. 

Because there is a risk of cerebral ischemia during 
carotid endarterectomy surgery, intraoperative mon- 
itoring using electroencephalograms (EEG) (2, 3), 
stump pressure (4), internal jugular venous Po, and 
oxygen saturation (5), and regional cerebral blood 
flow measurements with Xenon 133 has been sug- 
gested (6). Recently, evoked potentials have been 
found to provide a sensitive method of evaluating the 
function of different sensory components in the cen- 
tral nervous system (7). We have monitored cortical 
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somatosensory-evoked responses (SERs) during ca- 
rotid endarterectomy and found this to be a simple 
and useful method to detect cerebral ischemia 
promptly during surgery. 


Methods 


SERs were recorded in five patients who were 
undergoing carotid endarterectomy surgery using a 
cervical plexus block. Base line SERs were recorded 
the day before surgery and the sites of both stimulat- 
ing and recording electrodes were marked on the skin 
with indelible crayon for subsequent placement dur- 
ing surgery. This preoperative assessment along with 
clinical evaluation allowed the SER monitoring equip- 
ment to be applied within a few minutes of the 
patient’s arrival in the operating room. 

All patients had radial arterial cannulation for 
measurement of arterial blood gas tensions and blood 
pressure. Electrocardiogram was continuously moni- 
tored. A complete neurologic examination including 
orientation in time and space, cranial nerves, motor 
system, sensory modalities, and superficial and deep 
reflexes was done before and after surgery. During 
surgery, the patient was repeatedly asked about day, 
time, place, counting numbers from 1 to 10 and from 
10 to 1, movements of fingers and toes contralateral 
to the side of surgery, and any sensory symptoms 
such as tingling, numbness, or paresthesias. 

The SERs were recorded by stimulating with square 
wave electrical impulses applied to the median nerves 
at both wrists by implanting needle electrodes over 
the median nerve to provide good contact and to 
minimize dislodgement. The scalp electrodes for re- 
cording were silver-silver chloride cup electrodes, 
attached to the skin with collodion and filled with 
electrode jelly. 

Recordings were obtained from a parietal electrode 
placed 7 cm laterally and 2 cm behind the Cz electrode 
of the 10-20 International System, connected to a 
reference electrode placed at the Fz (midfrontal) po- 
sition. In the preoperative assessment, records were 
obtained from both parietal areas following stimula- 
tion of each median nerve. During surgery, the SERs 
were evaluated visually from each side on the oscil- 
loscope and were monitored primarily over the scalp 
ipsilateral to the endarterectomy in response to stim- 
ulation of the contralateral median nerve. If changes 
were observed over the ipsilateral scalp, the other 


median nerve was stimulated to compare the SERs on 


the two sides. The nerve was stimulated at a rate of 
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2/sec with 0.1- to 0.2-msec pulse duration and a 
constant current amplitude of less than 20 mamp. 
Stimulus strength was adjusted to a level that pro- 
duced a visible but not maximal motor response of 
the abductor pollicis brevis. The frequency response 
of the system was 1 to 3 kHz (—3 dB). For analog-to- 
digital conversion, 256 data points were sampled dur- 
ing the analysis time of 250 msec following the stim- 
ulus. A total of 100 to 200 stimuli were averaged for 
each SER during surgery. The scalp responses were 
amplified 100,000 times, summed, and stored in an 
averaging computer (Nicolet Med-80). During sur- 
gery, the SERs were evaluated on the oscilloscope. 
The morphology, latencies, and amplitude of the SERs 
recorded during the period of carotid clamping were 
compared serially and also with the intraoperative 
preclamp study. Following the surgery, the results 
were graphed with a x-y plotter and transferred to a 
disc for permanent storage. Results were also analyzed 
after surgery by inspection of the graphed records. 
Analysis of the latencies and amplitudes was provided 
by direct cursor readout from the computer. 

Normal SER following median nerve stimulation is 
best developed over the contralateral parietal areas 
and consists of a multiphasic potential. The individual 
peaks are designated as Ni, Pi, Ne, P2, and Ns in our 
laboratory, and the mean latencies of these peaks are 
17.6, 23.2, 29.0, 37.9, and 62.9 msec, respectively. 

Five patients between the ages of 68 and 78 years 
had carotid endarterectomy with analgesia provided 
by cervical plexus block. Intraoperative SERs were 
recorded at the beginning of surgery and after expo- 
sure of the carotid artery but before clamping for a 
base line evaluation. Following clamping, the SERs 
and neurologic assessment were monitored continu- 
ously. A shunt was introduced if neurologic symp- 
toms were detected. SERs were also recorded during 
the reclamping of the carotid at the end of the 
endarterectomy for the removal of the shunt. Three 
patients had an unevenful carotid endarterectomy 
without any changes in SERs (as in patient 3 of the 
reported cases) and two patients had abnormalities of 
their SERs. 


Case Reports 


Case I 


A 67-year-old, 75-kg man with diffuse arteriosclerotic 
disease and right carotid artery stenosis producing transient 
ischemic attacks was operated upon for right carotid end- 
arterectomy. Surgery was performed under cervical plexus 
block using bupivacaine, 225 mg, and 100 mg of chlorpro- 
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caine in 40 ml. Arterial systolic pressure was maintained 
between 160 and 180 mm Hg and Paco, between 27 and 29 
mm Hg. 

The SER recorded before surgery in the operating room 
was normal. The base line recording just before clamping 
of the right common carotid artery showed a well preserved 
SER (Fig 1, trace 1) as compared with the preoperative 
study. Immediately after clamping, the SER became lower 
in amplitude (Fig 1, trace 2), and after 7 minutes of clamping, 
the SER virtually disappeared (Fig 1, trace 3). With an 
increase in blood pressure after the intravenous administra- 
tion of 0.2 mg of phenylephrine, SER returned to preclamp- 
ing morphology even though clamping was continued since 
the patient’s condition remained normal by continuous 
neurologic evaluation (Fig 1, trace 4). The right side SER 
remained unchanged during the procedure. The patient had 
no neurologic complications after surgery. 


Case 2 


A 76-year-old, 70-kg man with recurrent episodes of 
lower lateral quadrantic blindness in the right eye had a 
total occlusion of the right common carotid artery and 75% 
occlusion of the left common carotid artery at its bifurcation. 
A left carotid endarterectomy was performed under cervical 
plexus block using 450 mg of 1.5% mepivacaine in 30 ml. 
Arterial systolic pressure was maintained between 170 and 
180 mm Hg and Paco, between 36 and 43 mm Hg with the 
patient breathing spontaneously with supplmented oxygen 
(3 L/min by nasal prongs). 

SERs recorded in the operating room before the start of 
the surgery were similar to SER recorded in the laboratory 
on the day before surgery. The SER just before clamping of 
the left carotid was unchanged from the base line SER (Fig 
2, trace 1). A continuous neurologic evaluation of the patient 
was done during the surgery by determining orientation to 
time and date, by asking the patient to move extremities to 
command, and to count forward and backward from 1 to 
10. In addition, the patient was asked to report any symp- 
toms of tingling or numbness. 

Within 1 minute of clamping, when the stump pressures 
were being measured, the patient became dazed, nonre- 
sponsive, and showed twitching of the right angle of the 
mouth. SER showed loss of all waves except Ni, P: (Fig 2, 
trace 2). Immediately a bypass shunt was inserted. The 
patient became conscious and coherent within 1 minute and 
could perform all the tests by 3 minutes. The patient 
complained that he slept transiently. SER began to return 
to normal at 2 minutes and were normal at 4 minutes (Fig 
2, trace 3) after placement of the shunt. Again during 
removal of the shunt for completion of the repair, carotid 
clamping resulted in the patient’s becoming dazed and 
asphasic with loss of response to commands. The SER 
showed loss of morphology (Fig 2, trace 4), which returned 
within 4 minutes of the complete repair and removal of the 
clamp (Fig 2, trace 5). The SER recordings, clinical symp- 
toms and signs, and blood pressure are shown in Fig 2. The 


a 


CLINICAL REPORTS 


Trace 


Number Procedure in Surger SER Trace 


Clinical 
Features 


Latency Amplitude Systolic Blood 
Milliseconds Microvolts Pressure om.Hgq. 








i. Just before carotid N, 22.5 N, P, 4.47 170 No clinical 
j i iil change 
clamping P] 31.4 Ps Na 7.57 
No 37.4 
Py 47.0 
N 61.3 
2. 2 minutes of clamping Ny 23.5 Decreased 160 No clinical 
P. 31.5 amplitude change 
l * 
No 37.2 
P, 50.0 
N3 Peak not 
identified 
3, 7 minutes of clamping Aitered Altered 160 No clinical 
morphology morphology change. 
Phenylephrine 
0.2 mg. I.V. 
4. 9 minutes of clamping. Ny 22.5 N, Py 3.80 180 No clinical 
2 minutes after 0.2 mg. P. 30.4 PN. 5.62 change 
Phenylephrine l 2 3 
No 36.4 
Py 45.1 
Ny 57.8 
5, 10 minutes after repair N, 22,5 N, P, 2.10 160 No clinical 
P. 28.4 R 6.43 change 
Loy 23 ia 
No 37.2 
Po 46.) 
N} 67.6 


Fig 1. Somatasensory-evoked response (SER) in patient 1 
showing changes following carotid artery clamping. Two minutes 
after clamping, morphology was completely changed and at 7 
minutes there was loss of SER. By increasing blood pressure 


patient’s postcperative course was uneventful with normal 
neurologic status. 


Case 3 


A 74-year-old, 60-kg woman with a history of transient 
ischemic attacxs and one episode of transient right upper 
limb weakness had 80% occlusion of the left common 
carotid artery at its bifurcation. A left carotid endarterec- 
tomy was performed with cervical plexus block using 200 
mg of bupivacaine in 40 ml. Total duration of carotid 
clamping was 31 minutes. There were no changes in SERs 
or neurologic status (Fig 3). The postoperative course was 
uneventful. 


Discussion 


Complications associated with carotid endarterec- 
tomy surgery include myocardial infarction, cerebral 
infarction, acute internal carotid artery occlusion, 
postoperative stenosis requiring reoperation, seizures, 
and arterial or venous hemorrhage (8). The most 
serious complication is development of a stroke or 
progression of a preexisting neurologic deficit. The 
most common cause of neurologic deficit related to 


with phenylephrine, marphology of SERs returned to preclamp 
pattern. No neurologic symptoms were noted during these 
changes in SER. Total duration of clamping was 53 minutes. 
Stump pressure was 56 mm Hg. 


the operative procedure itself is cerebral embolization 
with resultant cerebral ischemia. Clamping of the 
carotid artery during the procedure may also, how- 
ever, result in neurologic deficits, particularly in pa- 
tients with multiple large vessel disease, hypotension, 
or intracranial arterial thrombosis. 

Routine use of a bypass shunt may obviate the need 
for intraoperative monitoring of cerebral function. 
Because of operative difficulties, embolization of ath- 
eroma, intimal damage, and interference with surgical 
technique, some surgeons use the bypass shunt only 
in selected patients. Hence it is imperative that proper 
monitoring be available and a bypass shunt be placed 
in patients showing evidence of inadequate collateral 
circulation. 

Continuous EEG monitoring has been used during 
surgery. Technical difficulties with EEG monitoring 
include maintaining multiple electrodes and evalua- 
tion of enormous amounts of data, plus confusion in 
interpretation due to mild asymmetries. Some of these 
problems are solved by computer-assisted power 
spectral analysis of the EEG (9). 

Determination of stump pressure is not a reliable 
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Trace 
Number Procedure in Surgery 


SER Trece 


1. Just before carotid 





clamping 

2. 2 minutes of 
clamping 

3. 4 minutes after 


shunt placement 


4, 2 minutes of 
clamping for shunt 
removal and repair 


E aiiai 
Wo 


Fig 2. SER recordings in patient 2. Marked changes in SER 
and neurologic symptoms were noted with carotid clamping. A 
shunt was therefore inserted with return of SER to near pre- 
clamping configuration. Ne, P2, and N; were complete y absent 


5. 4 minutes after 
repair 


Trace 


Number Procedure in Surgery SER Trace 


l. Just before clamping Ne 
Ny Ny 
Pi 
Po 
2. 6 minutes of clamping a /\- 
3. 30 minutes of clamping 
4, 10 minutes after repair 


ee 


Latency 


Ny 18.6 
Py 25.5 
Ro 32.3 
Po 43.1 
Ny 70.6 


N} 20.6 
Py 29.4 
No Po N3 
disappeared 


Ny 19.6 
Py 23.5 
No 31.4 
Po 46.1 
R3 67.6 


Ny 19.6 

Py 29.4 

N, Po Ns 
disappeared 
Ny 17.6 

Py 24.5 

No 32.3 

P, 44.1 

Na 73,5 


Amplitude Systolic Blood 
Milliseconds Microvolts Pressure mm.Hg. 


N, Py 5.51 
Po Ng 8.64 


Ni Py 9.32 
Altered 
Morphology 
Na Po Ng 
disappeared 


N, P, 3.26 


N, Po 9,67 


Ny Py 4.56 
Po N3 dis- 
appeared 


N, Py 5.42 
P, Ny 7.85 


Latency Amplitude 
Milliseconds Microvolts 
Ny 22.5 Ny Py 4.2 
P, 30.4 Po N3 18.5 
N, 37.2 
Po 56,8 
N3 101.9 
N, 22.5 Ny Py 5.2 
Py 29.4 Po N3 19.1 
38.4 
2 53.9 
N3 100.9 
N, 20.6 N, P: 6.85 
Pi 29.4 Pa Na 7.3 
No 38,2 
Po 51.9 
N, 98.0 
N, 22.5 Ny Py 8.3] 
Py 29.4 Pa N 18.1 
N, 37.4 
P, 53.9 
No 98.0 


160 


176 


174 


176 


166 


Systolic Blood 
Pressure mm. Hg, 


200 


180 


200 


200 


Clinical 
Features 


Cooperative. 
No neurologic 
symptoms. 


By one minute 
of clamping 
dazed, non- 
responsive. 
Twitching of 
right angle 
of mouth, 


Cooperative. 
Counts numbers. 
Moves fingers 
and toes. No 
sensory symptoms. 


Within 1 minute 
became dazed, 
aphasic, non- 
responsive, 


Cooperative. 
No neurologic 
symptoms. 


in SER when the carotid artery was clamped on two occasions, 
once at beginning of repair and once at time of removal of shunt. 
On both occasions, patient became unresponsive. Stump pres- 
sure was 23 mm Hg. 


Clinical 
Features 


No Change 


No Change 


No Change 


No Change 


Fig 3. SER recordings in patient 3 who had left carotid endarterectomy. SER showed no changes during carotid artery clamping for 


30 minutes. 
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method for assuring adequacy of cerebral blood flow 
during carotid clamping. 

We believe that SER monitoring following median 
nerve stimulation during carotid endarterectomy pro- 
vides a relatively simple but reliable method of eval- 
uating cerebral function and adequacy of collateral 
circulation. The technique of monitoring SERs re- 
quires placing only five electrodes. The SERs gener- 
ated every minute (100 responses) can easily be com- 
pared serially and bilaterally to detect a significant 
change. Reduction in amplitude, prolongation of la- 
tencies, or distortion of the wave form of the SER 
suggests the probability of cerebral ischemia requiring 
the use of a shunt. On the other hand, continued 
preservation of the SER following carotid clamping 
indicates adequacy of collateral circulation (patient 3, 
Fig 3). Comparing the SERs on the operative side with 
those on the nonoperative side when changes are 
noted should exclude systemic causes, such as anes- 
thesia or hypotension, and equipment malfunction. 

Carotid endarterectomy in patients in this report 
was not followed by neurologic complications be- 
cause of early intervention with a shunt (patient 2) or 
because cerebral perfusion was improved by increas- 
ing the blood pressure (patient 1) when SER changes 
were noted. Patient 1 demonstrated no clinical neu- 
rologic deficit during surgery although SERs demon- 
strated changes in morphology following clamping of 
carotid vessels (Fig 1). However, continued monitor- 
ing and increasing the systolic blood pressure from 
160 to 180 mm Hg resulted in return of the morphol- 
ogy of the SERs to preclamping pattern; this was 
probably due to improved collateral blood flow. The 
above observation suggests that a change in SER 
morphology may be an early warning of decreased 
perfusion even before occurrence of a clinically evi- 
dent neurologic deficit. Symon et al (10) recorded the 
central conduction time in patients with subarachnoid 
hemorrhage. The central conduction time evaluates 
function of the somatosensory pathway within the 
brain by recording evoked potentials from the neck 
and scalp. Prolongation of latency (10) or reduction 
in amplitude (11) of SERs have been found to indicate 


ischemic changes in the brain. An increase in the 
conduction time has been suggested to be a sensitive 
monitor for hemispheric dysfunction before the onset 
of a clinical deficit. 

We conclude that continuous SER monitoring dur- 
ing carotid endarterectomy is a useful technique to 
detect early central nervous system dysfunction from 
hypoperfusion and possibly indicates the need to 
institute a bypass shunt. SERs are also easier to inter- 
pret under clinical conditions than is the EEG. 
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New Adaptor for 
Intravascular 
Electrocardiogram 


To the Editor: 


In 1970, Martin (1) reported a 
method for accurate positioning of 
a central venous catheter tip, using 
the intravascular electrocardiogram 
(ECG) derived from the catheter itself. 
He connected a sterile metal insert to 
the central venous catheter and linked 
the insert to the ECG chest lead by an 
alligator clip to record the intravas- 
cular ECG. W-shaped P waves on the 
ECG indicated when the tip was at 
the superior cavoatrial junction. 

This method, although convenient 
and easily learned, is slightly trouble- 
some because measuring line neces- 
sitated collecting a sterile metal three- 
way stopcock and a connecting alli- 
gator clip. 

We have devised a new connecting 
tube adaptor with alligator clip that is 
sterile, disposable, and always ready 
for use. As shown in the Figure, the 


heparinized saline 


D Daa a 
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fine thread wire is in the vinyl tube 
adaptor and is connected to the 
shielded alligator clip. The intravas~ 
cular ECG can easily be recorded by 
filling the adaptor and central venous 
catheter with heparinized saline and 
connecting the alligator clip to the 
ECG chest lead. Right atrial catheter- 
ization, monitored by the intravascu- 
lar ECG using the new adaptor, was 
performed in 70 patients undergoing 
neurosurgery in the sitting position. 
All catheter tips were accurately 
placed a= the superior cavoatrial junc- 
tion without complications. Correct 
placement was confirmed by roent- 
genogram. This new adaptor is useful 
when the intravascular ECG is used 
as a guide to correct positioning of 
central venous catheters. 
Shigeki Tatekawa, MD* 
Hidekazu Yukioka, MD 
Kiyoji Nishimura, MD 
Mitsugu Frijimori, MD 
Cepartment of Anesthesiology 
Osaka City University 
Medical School 


* Reprint requests to Dr. Tatekawa. 
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Figure. New adapator for intravascular electrocardiogram. 
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Plasma 
Catecholamine 
Levels 

To the Editor: 


Brown et al (1) measured the per- 
ioperative hormonal and cardiovas- 
cular responses of patients undergo- 
ing abdominal surgery anesthetized 
either with fentanyl (4.5 ug/kg)/66% 
N:O or with 1% to 4% inspired en- 
flurane/50% N20. I believe their con- 
clusion that “enflurance anesthesia 
blocks the sympathetic response to 
surgical stress more effectively than 
low-dose fentanyl anesthesia” is 
poorly substantiated. In the Figure, I 
have plotted their data for plasma 
venous levels of epinephrine and nor- 
epinephrine. It is true that the intra- 
operative norepinephrine level (sur- 
gery, Figure) is significantly greater 
(statistically) in the patients receiving 
fentanyl anesthesia compared with 
those receiving enflurane anesthesia 
(asterisk). However, is it not more 
important to conclude that with either 
anesthetic technique, the norepineph- 
rine and epinephrine levels increase 
significantly from control levels (Fig- 
ure, plus sign) in both the intraoper- 
ative and postoperative periods? 

If there is a reduced sympathetic 
response to surgical stress during en- 
flurane anesthesia compared with 
fentanyl anesthesia, as Brown et al. 
(1) propose, then we should also see 
a reduced cardiovascular response to 
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@® Enflurane / No0 
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Control 
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Postinduction Surgery Recovery 





Recovery 


+ p<0.05, compared to control 
x p< 0.05, between groups 


FIGURE. Venous plasma levels of epinephrine and norepinephrine during four periop- 
erative periods in patients anesthetized with fentanyl/N2O or enflurane/N2O. Intra- 
operative determinations of norepinephrine were significantly greater in patients 
anesthetized with fentanyl compared with those anesthetized with enflurane. However, 
more importantly, patients anesthetized with either technique had significantly greater 
levels of both catecholamines during intraoperative and recovery room periods, 
compared with control values. In general, highest levels of catecholamines were found 
during recovery period. Data derived from Brown et al (1). 


TABLE 
Comparison of Fentanyl (F) and Enflurane (E)* 
Control After induction Surgery Recovery 
F E F F E F E 
SBP (torr) 134 139 126 120 143 + 121 147 147 
HR (beats/ 79 88 80 86 87 +t 98 78 89 
min) 

RPP 10,586 12,332 10,080 10,320 12,441 11,858 11,466 13,083 

* Abbreviations used are: SBP, systolic blood pressure; HR, heart rate; RPP, rate-pressure 
product. 

t p< 0.05 between groups. 


surgical stress in the patients receiv- 
ing enflurane anesthesia. However, 
from their systolic blood pressure and 
heart rate data, which are shown in 
the Table, the authors state (1), “one 
cannot conclude [that either the fen- 
tanyl technique or the enflurane an- 
esthesia technique] is more beneficial 
than the other with regard to the my- 
ocardial workload or myocardial ox- 
ygen consumption. I would go even 
farther and suggest that when exam- 
ing the rate-pressure products calcu- 
lated from their data (see Table), al- 
though there is no statistically signif- 
icant difference between the two pa- 
tient groups, it appears that patients 
receiving fertanyl/N2O anesthesia 
have a more favorable blood pres- 


sure/heart rate relationship. Com- 
pared with enflurane-anesthetized 
patients, patients given fentanyl have 
a higher blood pressure and lower 
heart rate, permitting greater coro- 
nary blood flow and myocardial per- 
fusion. Nevertheless, I believe the 
best substantiated conclusion from all 
these data is that neither enflurane 
anesthesia nor “low-dose” fentanyl 
anesthesia is able to adequately pre- 
vent hormonal and cardiovascular 
“stress” responses during surgery. 
Perhaps even more important is 
our understanding that, in general, 
the greatest stress, as indicated by 
elevations of levels of epinephrine or 
norepinephrine, or rate-pressure 
product, occurs during the recovery 
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period (Figure and Table). Interest- 
ingly, the highest measured epineph- 
rine levels occurred in patients re- 
covering from enflurane/NeO anes- 
thesia. This may be expected in view 
of the fact that other stress-producing 
phenomena, such as shivering, are 
more likely seen in patients recover- 
ing from inhalational anesthesia com- 
pared with those recovering from 
N2O/narcotic anesthesia (2). If pre- 
venting a stress response is felt to be 
important, then we should attempt to 
prevent the stress response during the 
recovery period as aggressively as we 
attempt to prevent the response to 
intubation and surgical incision. 

It is not surprising that NeO/O2 
anesthesia supplemented with either 
enflurane (1% to 4%, inspired) or fen- 
tanyl (4.6 ug/kg) permits patients to 
demonstrate perioperative hormonal 
and cardiovascular responses to the 
stress of a 2-hour surgical procedure. 
Although Brown et al (1) have shown 
that with either technique, the sym- 
pathetic response to intubation may 
be prevented, they have found, as 
have others, that anesthesia with in- 
halation anesthetics or with low to 
moderate doses of fentanyl does not 
reliably prevent intraoperative or 
postoperative responses to surgical 
stress (3, 4). In any given patient, if 
abolition of the “stress response” to 
intubation, incision, and surgery is 
viewed as mandatory, then much 
higher doses of fentanyl must be used 
with the understanding that postop- 
erative ventilation may be required. 


Charles H. McLeskey, MD 
Department of Anesthesia 
Wake Forest University 
The Bowman Gray School 
of Medicine 
Winston-Salem, NC 27103 
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To the Editor: 


Apparently, Dr. McLeskey does 
not disagree with the experimental 
methods as he only takes exception 
to the interpretation of the data. Data 
are presented in their original form so 
that each reader can make his/her 
own interpretation. However, the 
statement in the original abstract re- 
mains valid: ”. . . enflurane anesthesia 
blocks the sympathetic response to 
surgical stress more effectively than 
low dose fentanyl anesthesia” (1). 

We did not address the problem of 
stress response during recovery from 
anesthesia and surgery. However, our 
data do show an increased stress re- 
sponse following anesthesia and sur- 
gery. As McLeskey has stated, during 
recovery, plasma levels of epineph- 
rine were lower following low dose 
fentanyl than following enflurane an- 
esthesia. Although shown in the orig- 
inal data, he does not point out that 
there is also a substantially higher 
level of serum norepinephrine follow- 
ing low dose fentany! than enflurane 
during the recovery phase. In addi- 
tion, total serum catecholamine levels 
were higher in the fentanyl group. 

McLeskey speaks of a more favor- 
able blood pressure/heart rate rela- 
tionship with fentanyl/N2O anesthe- 
sia. Certainly, rate-pressure product 
is widely used, but we know of no 
data concerning the interrelationship 
of the two at the levels measured. 
Exploring this area might be reward- 
ing, but it is not useful in comparing 
the two techniques at this time (with- 
out documentation). Indeed, Mc- 
Leskey’s recapitulation of rate-pres- 
sure product shows a modest advan- 
tage of enflurane during surgery. 

We do not disagree with Mc- 
Leskey’s call for aggressive treatment 
of the stress response during recov- 
ery. In fact, this should be true re- 
gardless of the operative anesthetic 
used. Most of our patients, regardless 
of technique, receive analgesics in the 
recovery phase, but we did not use 
analgesics during this study to avoid 
confusing the methods or resultant 
data. 

McLeskey apparently inferred that 
the postinduction phase was used for 
measuring responses to intubation. 
Although not explicitly stated in the 
article, the reason for obtaining sam- 
ples during this phase was to deter- 
mine whether the groups remained 
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similar before the stimulation of sur- 
gery occurred. The timing of these 
samples was not related to intubation. 
Samples were taken just before skin 
incision, by which time the transient 
stimulation of intubation had passed. 

Paraphrasing our statement in the 
original article, in constructing our 
study we wished to compare two 
techniques from which one could rea- 
sonably expect the patient to awaken 
and be extubated in the operating 
room. Therefore, we used low dose 
techniques for our fentanyl patients. 
Higher dose ranges have been shown 
to be associated with lower plasma 
catecholamine levels during surgery 
(2), but, frequently, require postop- 
erative ventilation. Our study is clear 
in showing that fentanyl has no such 
advantages in dose ranges that are 
likely to allow rapid recovery. 


Freeman F. Brown III, MD 

William D. Owens, MD* 

James A. Felts, MD 

Department of Anesthesiology 

Washington University 
School of Medicine 

650 South Euclid Ave. 

St. Louis, MO 63110 
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Dual-System 
Hypothesis of Pain 
Perception: Possible 
Further Evidence 


To the Editor: 


The finding of Abram et al (1), that 
naloxone at two different low concen- 
trations did not influence transcuta- 
neous electrical stimulation may be 
open tc a different interpretation. 
This is particularly so if the data pre- 
sented are carefully considered, as 
there seems to be a tendency for the 


lower dose of naloxone to have 
caused a reduction in pain intensity, 
although the higher dose of naloxone 
shows a tendency to reverse analge- 
sia. This tendency did not reach sta- 
tistical significance in the study of 
Abram et al. 

It is our contention, nevertheless, 
that had they used even lower con- 
centrations of naloxone (less than 0.4 
mg) potentiation of analgesia may 
well have occurred, whereas higher 
doses (greater than 2 mg) may well 
have caused significant reversal of an- 
algesia. This suggestion is based on 
our work, in which we have shown 
that naloxone at concentrations less 
than 2 mg resulted in a biphasic re- 
sponse (2) when given during nitrous 
oxide-induced analgesia associated 
with a painful mechanical stimulus. 
In most cases the nitrous oxide anal- 
gesia was potentiated by concentra- 
tions of naloxone less than 2 mg, but 
in some cases reversal of analgesia 
did occur. Furthermore, in this work 
we found the maximum response to 
manifest itself within 3 minutes of 
intravenous bolus administration of 
naloxone. 

This biphasic response of naloxone 
has been shown on a number of oc- 
casions (3-6). To explain this para- 
doxical effect of naloxone, we have 
suggested that a dual system may ex- 
ist in which low doses of naloxone 
would tend to alter the equilibrium of 
an opiate and anti-opiate system in 
favor of analgesia, whereas at higher 
concentrations of naloxone the equi- 
librium would be shifted toward hy- 
peralgesia (7). 

Dr. M. A. Gillman 

Dr. F. J. Lichtigfeld 

Department of Experimental 
and Clinical Pharmacology 

University of Witwatersrand 

Hospital Street 

Johannesburg 

South Africa 


REFERENCES 


1. Abram SE, Reynolds AC, Cusick JF. Failure 
of naloxone to reverse analgesia from trans- 
cutaneous electrical stimulation in patients 
with chronic pain. Anesth Analg 1981; 
60;81-4. 

2. Gillman MA, Kok L, Lichtigfeld FJ. Paradox- 
ical effect of naloxone on nitrous oxide an-_ 
algesia in man. Eur J Pharmacol’ 
1980;61:175-7. 

3. Dickenson AH, Le Bars D, Besson JM. En- 
dogenous opiates and nociception: a possi- 
ble functional role in both pain inhibition 


+ 


and detection as revealed by intrathecal nal- 
oxone. Neurcsci Lett 1981;24:161~4. 

4. Kayser V, Guilbaud G. Dose-dependent an- 
algesic and hyperalgesic effects of systemic 
naloxone in arthritic rats. Brain Res 
1981;,226:344-8. 

5. Woolf CJ. Analgesia and hyperalgesia pro- 
duced in the rat by intrathecal naloxone. 
Brain Res 1980;189:593-7. , 

6. Levine JD, Gerdon NC, Fields HL. Naloxone 
dose dependently produces analgesia and 
hyperalgesia in postoperative pain, Nature 
1979;278:740-1. 

7. Gillman MA, Kimmel I, Lichtigfeld FJ. The 
dual-system hypothesis of pain perception. 
Neurol Res 1981;3:317-27. 


Vasodilation with 
Nitroprusside and 
Nitroglycerin 

To the Editor: 


I wish to comment on the recent 
article by Gerson and colleagues (1), 
in which the authors attempted 
to quantitate vasodilator-induced 
changes in venous capacitance by 
measuring changes in the volume of 
blood contained in the oxygenator 
reservoir during cardiopulmonary by- 
pass. Although reservoir volume is 
undoubtedly influenced by venous 
capacitance, a number of confound- 
ing variables render invalid the as- 
sumption that reservoir volume 
changes indicate equal and opposite 
changes in venous capacity. I have 
borrowed and only slightly modified 
concepts and equations from Guyton 
et al (2) to illustrate my argument. 

A simplified schema of the circu- 
lation that considers the pump-oxy- 
genator to be one segment and the 
systemic arterial and venous vascular 
trees to be two other major segments 
of the circulation is presented in the 
Figure. Resistance Ra is the resistance 
from the midpoint of the arterial vas- 
cular tree to the midpoint of the ve- 
nous tree. Resistance Rv is the resist- 
ance from the midpoint of the venous 
tree to the pump-oxygenator. Capac- 
itance Ca is the capacitance of the 
arterial tree and capacitance Cv is the 
capacitance of the venous tree. Pres- 
sure Pa is the systemic arterial pres- 
sure and Pv is the pressure at the 
midpoint of the venous tree. Volume 
EVa is the extra volume in the arterial 
tree over and above the amount re- 
quired to fill the arterial tree without 
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Figure. Schematic model of circulation during cardiopulmonary bypass (after Guyton 


et alf}. 


any pressure. Volume EWv is the extra 
volume in the venous tree in addition 
to the amount that barely fills the 
vessels without any pressure. 

The pressures in the arteries and 
veins are equal, respectively, to the 
pressure drop from the arteries to the 
pump-oxygenator or from the veins 
to the pump-oxygenator. The pres- 
sure in the pump-oxygenator is as- 
sumed to be zero. Thus, if pump-out- 
put equals cardiac output (CO) then 


Pv = CO (Rv) (1) 
Pa = CO (Rv + Ra) (2) 


The extra volume in each of the 
two major vascular trees is equal to 
the pressure times the capacitance, 
the capacitance being defined as dV/ 
dP. Thus, utilizing the pressures from 
equations 1 and 2, we derive the fol- 
lowing: 


EVv = CO (Rv) (Cv) (3) 
EVa = CO (Rv + Ra) (Ca) (4) 


The total extra volume in the cir- 
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cuit EVt is equal to the extra volume 
in the venous and arterial trees, plus 
the extra volume in the oxygenator 
reservoir EVr. Thus, 


EVt = EVa + EVv + EVr (5) 


Substituting equations 3 and 4 into 
equation 5 and solving for EVr, we 
obtain the following 


EVr = EVt — CO [Rv (Cv) 
+ (Rv + Ra) Ca] (6) 


According to equation 6, if no vol- 
ume is added to or lost from the 
system and pump-output is held con- 
stant, then an isolated increase in ve- 
nous capacitance will certainly de- 
crease reservoir volume, as suggested 
by Gerson et al (1). Unfortunately, 
vasoactive compounds such as nitro- 
glycerin and nitroprusside may also 
influence the three other factors in 
the eguation simultaneously (i.e., Ra, 
Rv, and Ca). Furthermore, the effects 
of these agents on resistance and ca- 
pacitance will tend to have opposing 
effects on reservoir volume which 
may cancel one another. For example, 
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the tendency of nitroprusside to de- 
crease vascular resistance will tend to 
increase reservoir volume, whereas its 
capacitance effects will tend to coun- 
teract this. Of special importance 
might be the difference in the effects 
of such drugs as nitroglycerin and 
nitroprusside on venous resistance. 
Because of the relatively large value 
of Cv, small changes in Rv might have 
a great influence on reservoir volume. 
The measurements of systemic vas- 
cular resistance of Gerson et al (1) do 
not discriminate between changes in 
venous and arterial resistance. 

To complicate matters further, con- 
ventional cardiopulmonary bypass 
techniques may produce subambient 
central venous pressures, resulting in 
the collapse of exposed portions of 
the venous capacitance below un- 
stressed volume. Under these circum- 
stances, the venous reservoir could 
conceivably undergo some volume 
changes independent of Pv or Cv. 

In view of equation 6, I feel that 
the conclusions of Gerson et al (1) are 
tenuous. Nitroprusside may exert po- 
tent effects on venous capacitance 
that are not reflected in changes in 
oxygenator reservoir volume because 
its effects on resistance vessels have 
an opposing influence on venous re- 
turn. This argument is supported by 
the failure of the authors to demon- 
strate differing effects of the two 
agents on forearm venous tone at any 
dose. 

In conclusion, I would reemphasize 
that the above analysis, insofar as it 
proves useful, was derived com- 
pletely from vital concepts of circu- 
latory physiology propounded by 
Guyton et al (2). Any weaknesses or 
errors in the argument are my own 
responsibility. 

Jan R. Thomson, MD 

Department of Anaesthesia 

University of Manitoba 

St. Boniface General Hospital 

409 Tache Ave. 

Winnipeg, Manitoba, Canada 
R2H 2A6 
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To the Editor: 


We thank Dr. Thomson for his 
interest, and for raising some valid 
questions about our article (1). His 
adaptation of Guyton’s theoretical 
model zppears basically correct, but 
has limited practical application. To 
avoid confusion, we will use the def- 
initions and abbreviations that Thom- 
son has provided; we will also use 
SNP for nitroprusside and NTG for 
nitroglycerin. 

Thomson’s concerns may be sum- 
marized as follows: (a) Collapse of 
surgical_y exposed portions of the 
great veins may alter venous reservoir 
volume. (b) Measurements of sys- 
temic vascular resistance (SVR) do 
not discriminate between changes in 
venous and arterial resistance. (c) Ve- 
nous reservoir volume (EV,) may be 
affected by changes in arterial volume 
(EV,) as well as by changes in venous 
volume (EV,). (d) “Furthermore, the 
effects of these agents [SNP and 
NTG] an resistance and capacitance 
will tend to have opposing effects on 
reservoir volume which may cancel 
one another.” 

Our responses to these points are: 

a. Collapse of the great veins ex- 
posed to atmospheric pressure would 
create a Starling resistor, limiting the 
narrowed region to a short segment. 
Collapse of a small portion of the 
vena cava would result in only a min- 
imal volume change, and should, in 
any case, remain constant during both 
control and experimental time pe- 
riods. Supporting this, mean subcla- 
vian central venous pressure in our 
patients was 1.0 + 1.7 (SD) mm Hg 
and did not change with SNP or NTG 
infusion. 

b. SVR = (Pa — CVP)/pump out- 
put. The standard formula for SVR 
does not separate R, from Ry. It does 
include R, and R,, however. The 
usual ratio of Ra:Ry is 7:1 (2). Thus, 
changes in SVR are mainly due to 
changes in arterial resistance. The 
major reason for using SVR, however, 
is that Ra and Ry cannot be readily 
measured clinically (how does one 
find the “midpoints” of the arterial 
and ver.ous trees?). 

c. Volume leaving the venous res- 
ervoir could conceivably go to the 
arterial as well as the venous tree as 
Thomson states. But, the veins are the 
primary volume reservoir of the cir- 
culation (2, 3). Their capacitance is 


some 18 times that of arteries (2). 
Roughly 70% of the body’s blood vol- 
ume resides in the veins (4), and acute 
blood volume changes are buffered 
mainly by the veins (3). Thus, changes 
in EV; should best reflect changes in 
EV,. Our conclusion that NTG dilates 
veins primarily is further supported 
by our finding of no change in SVR 
(primarily an arterial variable) with 
NTG. 

d. This is largely a semantic prob- 
lem. We used the term “venous ca- 
pacitance” once in “Methods,” 
whereas in our conclusions and else- 
where the term “venous dilation” was 
used. We did not intend to use Guy- 
ton’s definition of “venous capaci- 
tance” nor was “venous dilation” 
meant to be synonymous with that 
definition. Our intent was to repre- 
sent those decreases in venous reser- 
voir volume that were due to patient 
uptake of volume. We believe, for the 
reasons cited above, that most of this 
volume was taken up on the venous 
side. We regret any confusion that 
our terms may have caused. 

As Ca and C, and Ra and R, cannot 
be measured directly in our model, 
Thomson’s argument is theoretically 
possible. But its utility in helping the 
clinician decide whether to use NTG 
or SNP is limited. Looking at Thom- 
son's equation (5), as EV; is assumed 
constant, the observed decrease in 
EV, must have been matched by an 
increase in EV, and/or EVa. The drug 
that most decreased EV;, NTG, is thus 
better for use in sequestering volume. 
We cannot be sure whether the effect 
of SNP on resistance or capacitance 
(after Guyton et al (2)) makes it less 
suitable than NTG to sequester vol- 
ume. But our conclusion (1), “At 
equal doses NTG would be expected 
to better decrease venous return to 
the heart and thus reduce preload or 
compensate for  overtransfusion, 
whereas SNP would be expected to 
better decrease arterial pressure ...” 
is in no way affected by Thomson’s 
analysis. 

Further justification for the exper- 
imental model we used is provided 
by Hsu et al (5). 

John I. Gerson, MD 
Forrest B. Allen, MD 
Department of Anesthesiology 
State University of 

New York, Upstate 
750 East Adams Street 
Syracuse, NY 13210 
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Anesthetic Considera- 
tions in the Surgical Re- 
pair of Intracranial Aneu- 
rysms, edited by G. P. Var- 
key, Boston, Little, Brown 
and Co., 1982, 243 pp, 
$40.00/quarterly. 


This book is largely a description 
of methods used at The University of 
Western Ontario Faculty of Medicine 
for anesthetic management of patients 
with intracranial aneurysms. Of the 
20 chapters in the main part of the 
book, 13 were written by members of 
the Western Ontario group. Only one 
chapter in this section was written by 
an author in the United States. The 
second section of the book briefly 
describes methods used in six other 
centers, two of them in the United 
States, 

The Western Ontario group has 
had vast experience with operative 
treatment of intracranial aneurysms. 
A more detailed description of their 
series of cases seems warranted. 
Nevertheless, many of the methods 
used in Western Ontario have not 
gained general acceptance in other 
institutions. Although the second sec- 
tion of the book gives recognition. to 
the fact that different methods can be 
used, the book achieves no synthesis 
describing and analyzing the contro- 
versies in the field. Thus, the volume 
is essentially a “how I do it” manual 
rather than a scientific treatise. 

The outstanding chapters in the 
main section of the book are those on 
the surgical repair of intracranial 
aneurysms and on the effects of an- 
esthetics on cerebral blood flow and 
intracranial pressure. Fewer chapters 
might have reduced repetition and 
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allowed more complete discussion of 
important and controversial topics. 
Coverage of many areas is spotty and 
arbitrary, with little analysis of ration- 
ale for alternative approaches and too 
little presentation of data. 

The chapter on preanesthetic eval- 
uation should be in the section on 
preoperative considerations. The two 
chapters by Ferguson might have 
been ccmbined, and the justification 
for seperate chapters on spontaneous 
ventilation and on the Bain circuit is 
not apparent. 

Several authors mention classifi- 
cation of patients whose aneurysms 
have bled, but nowhere are the clas- 
sificatians described. In contrast, 
much material is so rudimentary as to 
be superfluous, Imprecise and collo- 
quial terminology appears, as when 
“the anesthetist prefers to ‘stone’ the 
patient.” Trade names are used more 
often than necessary. 

Seve-al unsupported overstate- 
ments are found. Few would agree, 
for example, that pathologic coma is 
a “protective response” to brain in- 
jury or that this concept was the basis 
for attempts to protect the brain phar- 
macolozically. The chapter on elec- 
troencephalographic (EEG) monitor- 
ing is z useful addition, but the ab- 
sence of EEG changes in a single- 
channel contralateral to the crani- 
otomy should not necessarily encour- 
age the authors to proceed at extreme 
levels of hypotension. 

Desrite its limitations, this book 
will be useful to anesthesiologists in- 
terestec in an empirical description of 
anesthetic techniques used to manage 
patients with intracranial aneurysms 
in Western Ontario and a few other 
centers, mostly in other countries. 
Readers who expect a synthesis of 
current knowledge in the field with 
an analytic description of controver- 
sial areas will be disappointed. 


Betty L. Grundy, MD 
Assistant Professor 

of Anesthesiology 

and Neurological Surgery 
University of Pittsburgh 
Pittsburgh, PA 


Physical Evaluation of the 
Dental Patient, by C. L. 
Halstead, G. G. Blozis, A. 
J. Drinnan, and R. E. Gier, 
St. Louis, C. V. Mosby Co., 
1982, 422 pp, $29.50. 


The addition of this text to the 
dental literature could not have come 
at a more opportune time. Changes in 
the philosophy of dental care are tak- 
ing place rapidly. Dentists realize they 
no longer have the luxury of treating 
only healthy patients. It is this con- 
cept that promoted the authors to as- 
semble this comprehensive text. The 
writing may be a bit ahead of its time 
as far as wide acceptance into the 
dental curriculum at an undergradu- 
ate level is concerned, but the fact 
that the Joint Commission on Accred- 
itation of Hospitals now permits qual- 
ified oral and maxillofacial surgeons 
to perform admitting history and 
physical examinations for hospital- 
ized patients attests to the appropri- 
ateness of this text in the profession 
of dentistry as a whole. 

Throughout the text the reader is 
reminded of the importance of iden- 
tifying pathologic states that may 
have been otherwise undetected. Em- 
phasis is placed on the significance of 
understanding the pathophysiology 
of conditions with which patients are 
seen. The necessity to consult and 
communicate intelligently with treat- 
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ing physicians when required is also 
stressed. 

Chapters dealing with basic prin- 
ciples and techniques of physical 
evaluation, diagnostic process, the 
health record, and patient interview- 
ing are clearly and concisely written. 
Those chapters detailing the specifics 
relative to the review of each system 
are well illustrated and progress in a 
logical and organized manner. To the 
astute diagnostician these chapters 
may appear a bit superficial. How- 
ever, the intention of the authors was 
to write a basic text that “offers a 
reasonable and attainable level of un- 
derstanding about an important area 
of dental practice.” The objective 
reaches its goal. 

Perhaps the title is a little mislead- 
ing as nearly half of the book is de- 
voted to identification of dental con- 
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ditions that for the most part are dealt 
with in greater detail in other books. 
Nonetheless, this one-of-a-kind text 
is certain to make a valuable contri- 
bution to the changing field of dental 
patient care. 


C. Richard Bennett, DDS, PhD 
Professor of Anesthesiology and 
Chairman of the Dental School 
University of Pittsburgh 
Pittsburgh, PA 
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Some Aspects of Paediatric Anesthesia, 
edited by D. J. Steward, The Netherlands, 
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Elsevier Biomedical Press BV, 1982, 377 
pp, $95.00. 


Drugs and Anesthesia (Pharmacology for 
Anesthesiologists}, edited by M. Wood 
and A. J. Wood, Baltimore, Williams & 
Wilkins, 1982, 746 pp, $57.00. 


A Lawyer Looks at Abortion, by L. D. 
Wardle and M. A. Wood, Salt Lake City, 
Brigham Young University Press, 1982, 
280 pp, $7.95. 


The Clinical Core of Respiratory Medi- 
cine, by C. R. Woolf, Philadelphia, JB 
Lippincott, 1981, 304 pp, $18.50. 


Toxicity of the Metabolites of Inhalation 
Anesthetics, by P. H. Rosenberg, New 
York, Gustav Fischer Verlag Publishers, 
1982, 62 pp, DM 34.00 (price for subscri- 
bers to the whole series). 
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Nicholas M. Greene, M.D. 
Editor in Chief 
Anesthesia and Analgesia 
Yale University School of Medicine 
333 Cedar Street 
New Haven, Connecticut 06510 


Editorial Policies 


Manuscripts are accepted for consideration with the understand- 
ing that, except in review articles, the material they present has not 
been previously published and is not presently under consideration 
for publication elsewhere. Authors will be asked to transfer copy- 
right of articles accepted for publication to the International An- 
esthesia Research Society. 


Types of Materials. The Journal publishes original art:cles, clin- 
ical reports, review articles, and letters to the editor. Original 
articles describe in 3000 words or less clinical or laboratory inves- 
tigations, Clinical reports describe in 1000 words or less either (a) 
new and instructive case reports, or (b) anesthetic techniques or 
equipment of demonstrable originality, usefulness, and safety. 
Review articles of 2500 to 4000 words collate, describe, and evaluate 
previously published material for the establishment of new con- 
cepts. Letters to the editor, Iess than 300 words in length, include 
brief constructive comments concerning previously puklished ar- 
ticles or brief notations of general interest. Preliminary or incom- 
plete reports are not accepted, nor are manuscripts containing 
fragments of material better incorporated into a single paper. 


Peer Review. All papers are reviewed by three or more referees. 
Acceptance is based upon significance, originality, and validity of 
the material presented. Only one copy of articles not accepted for 
publication will be returned to authors. 


Legal and Ethical Considerations. Information or illustrations 
must not permit identification of patients. Reports describing data 
obtained from experiments performed in humans must contain a 
statement in the Methods that institutional approval of the inves- 
tigation and informed consent were obtained. Reports describing 
data obtained from experiments performed in animals must clearly 
indicate that humane standards equal to those descrited by the 
American Physiological Society were employed. 

Illustrations and other materials taken from other sources must 
be properly credited and assurance provided that permission for 
reproduction has been obtained from the copyright owner and 
author. 


Editing. All papers will be edited for clarity, style, factual accu- 
racy, internal logic, and grammar. Papers extensively copy edited 
will be returned to the author(s) for retyping. Editing will include 
the addition, following the Abstract, of key words for indexing 
purposes, 


Manuscripts 


Manuscripts must be prepared and submitted in the manner 
described in “Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals” as described in Annals of Internal Medicine 
1979; 90: 95-9, and Lancet 1979; 1: 428-30. 

Type manuscripts on white bond paper, 20.3 by 26.7 cm or 21.6 
by 27.9 cm (8 by 10} in or 84 by 11 in) or ISO A4 (212 by 297 mm) 
with margins of at least 2.5 cm (1 in). Use double spacing through- 


out, including title page, abstract, text, acknowledgments, refer- 
ences, tables, and legends for illustrations. 

Begin each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, tables 
(each table, complete with title and footnotes, on a separate page), 
and legends, Number pages consecutively, beginning with the title 
page. Type the page number in the upper right-hand corner of each 
page. 

Illustrations must be good quality, unmounted glossy prints, 
usually 12.7 by 17.3 cm (5 by 7 in), but no larger than 20.3 by 25.4 
cm (8 by 10 in). 

Submit three copies of manuscript and figures in heavy-paper 
envelope. Submitted manuscript should be accompanied by cov- 
ering letter which includes the name and mailing address of the 
author to whom correspondence should be addressed. 

Authors should keep copies of everything submitted. 

Title Page. The title page should contain [1] the title of the 
article, which should be concise but informative; [2] a short running 
head or footline of no more than 40 characters (count letters and 
spaces) placed at the foot of the title page and identified; [3] first 
name, middle initial, and last name of each author, with highest 
academic degree(s); [4] name of department(s) and institution(s) to 
which the work should be attributed; [5] disclaimers, if any; [6] 
name and address of author responsible for correspondence about 
the manuscript; [7] name and address of author to whom requests 
for reprints should be addressed, or statement that reprints will not 
be available from the author; [8] the source(s) of support in the 
form of grants, equipment, drugs, or all of these. 

Abstract and Key Words. The second page should carry an 
abstract of not more than 150 words. The abstract should state the 
purposes of the study or investigation, basic procedures (study 
subjects or experimental animals and observational and analytic 
methods), main findings (give specific data and their statistical 
significance, if possible), and the principal conclusions. Emphasize 
new and important aspects of the study or observations. Define all 
abbreviations except those approved by the International System 
of Units. 

Key (indexing) terms. Below the abstract, provide and identify as 
such, three to 10 key words or short phrases that will assist indexers 
in cross-indexing your article. 

Text. The text of observational and experimental articles is 
usually—but not necessarily—divided into sections with the head- 
ings Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their content, 
especially the Results and Discussion sections. Case reports and 
reviews do not require the above sections. 

Introduction. Clearly state the purpose of the article. Summarize 
the rationale for the study or cbservation. Give only strictly perti- 
nent references, and do not review the subject extensively. 

Methods. Describe your selection of the observational or exper- 
imental subjects (patients or experimental animals, including con- 
trols) clearly. Identify the methods, apparatus (manufacturer’s 
name and address in parentheses), and procedures in sufficient 
detail to allow other workers to reproduce the results. Give refer- 
ences to established methods, including statistical methods; provide 
references and brief descriptions of methods that have been pub- 
lished but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate their 
limitations. 

Include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical analyses, 
mathematical derivations, and the like may sometimes be suitably 
presented in the form of one or more appendixes. 
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Results. Present your results in logical sequence in the text, 
tables, and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations: emphasize or summarize only important 
observations. 

Discussion. Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate the 
observations to other relevant studies. Link the conclusions with 
the goals of the study but avoid unqualified statements and conclu- 
sions not completely supported by your data. Avoid claiming 
priority and alluding to work that has not been completed. State 
new hypotheses when warranted, but clearly label them as such. 
Recommendations, when appropriate, may be included. 


References. Number references consecutively in the order in 
which they are first mentioned in the text. Identify references in 
text, tables, and legends by arabic numerals (in parentheses). 
References cited only in tables or in legends to figures should be 
numbered in accordance with a sequence established by the first 
identification in the text of the particular table or illustration. 

Use the form of references adopted by the U.S. National Library 
of Medicine and used in Index Medicus. Use the style of the 
examples cited at the end of this section, which have been approved 
by the National Library of Medicine. 

The titles of journals should be abbreviated according to the 
style used in Index Medicus. Consult the “List of Journals Indexed,” 
printed annually in the January issue of Index Medicus. 

The only acceptable references to journal articles or abstracts are 
those appearing in peer-reviewed journals. Abstracts in peer-re- 
viewed journals are acceptable only if less than 4 years old. List 
articles accepted for publication but not yet in print as “in press.” 
Three copies of “in press” references must accompany each article 
submitted for editorial review. Articles submitted but not yet 
accepted for publication must be cited in the text as “unpublished 
data” (in parentheses). 

References must be verified by the author(s) against the original 
documents. 
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Soter NA, Wasserman SI, Austen KF. Cold urticaria: release into the 
circulation of histamine and eosinophil chemotactic Factor of anaphy- 
laxis during cold challenge. N Engl J Med 1976;294:687-90. 


2. Corporate Author 


The Committee on Enzymes of the Scandinavian Scciety for Clinical 
Chemistry and Clinical Physiology. Recommended method for the 
determinztion of gamma-glutamyiltransferase in blood. Scand ] Clin Lab 
Invest 1976;36:119-25. 

Anonymcus. Epidemiology for primary health care. Int ] Epidemiol 
1976;5:224~5, 


Books and Other Monographs 


3. Personal Acthor(s) 
Osler AG. Complement: mechanisms and functions. Englewood Cliffs: 
Prentice-Hall, 1976. 


4. Corporate Author 


American Medical Association Department of Drugs AMA drug eval- 
uations. 3rd ed. Littleton: Publishing Sciences Group, 1977. 


5. Editor, Compiler, Chairman as Author 


Rhodes AJ, Van Rooyen CE, comps. Textbook of virclogy: for students 
and practitioners of medicine and the other health sciences. 5th ed. 
Baltimore: Williams & Wilkins, 1968. 


6. Chapter in Book 
Weinstein L, Swartz MN. Pathogenic properties of invading microor- 
ganisms. In: Sodeman WA Jr, Sodeman WA, eds. Pathologic physiol- 
ogy: mechanisms of disease. Philadelphia: WB Saunders, 1974:457-72. 


7. Agency Publication 


National Center for Health Statistics. Acute conditions: incidence and 
associated disability, United States July 1968-June 1969. Rockville, Md.: 
National Center for Eealth Statistics, 1972. (Vital and health statistics. 
Series 10: Data from the National Health Survey, no. 69) (DHEW 
publication no. (HSM)72-1036). 
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secutively and supply a brief title for each. Give each column a 
short or abbreviated heading. Place explanatory matter in footnotes, 
not in the heading. Explain in footnotes all nonstandard abbrevia- 
tions that are used in each table. For footnotes, use the following 
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statistical measures of variation such as SD and SEM. 

Omit internal horizontal and vertical rules. 

Cite each table in the text in consecutive order. 

If you use data from another published or unpublished source, 
obtain permission and acknowledge fully. 

The editor on accepting a manuscript may recommend that 
additional tables containing important backup data too extensive 
to be published may be deposited with the National Auxiliary 
Publications Service or made available by the author(s). In that 
event, an appropriate statement will be added to the text. Submit 
such tables for consideration with the manuscript. 


Illustrations. Submit three complete sets of figures. Figures 
should be professionally drawn and photographed; freehand or 
typewritten lettering is unacceptable. Instead of original drawings, 
roentgenograms, and other material, send sharp, glossy black-and- 
white photographic prints, usually 12.7 by 17.3 cm (5 by 7 in) but 
no larger than 20.3 by 25.4 cm (8 by 10 in). Letters, numbers, and 
symbols should be clear and even throughout, and of sufficient size 
that when reduced for publication each item will still be legible. 
Titles and detailed explanations belong in the legends for illustra- 
tions, not on the illustrations themselves. 

Each figure should have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of the 
figure. Do not write on the back of the figures or mount them on 
cardboard, or scratch or mar them using paper clips. Do not bend 
figures. 

Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters usec in the photomicrographs should contrast 
with background. 

If photographs of persons are used, either the subjects must not 
be identifiable or their pictures must be accompanied by written 
permission to use the photograph. 

Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source and submit writ- 
ten permission from the copyright holder to reproduce the material. 
Permission is required, regardless of authorship or publisher, ex- 
cept for documents in the public domain. 

For illustrations in color, supply color negatives or positive 
transparencies and, when necessary, accompanying drawings 
marked to indicate the region to be reproduced; in addition, send 
two positive color prints to assist editors in making recommenda- 
tions. Some journals publish illustrations in color only if the au- 


thor pays for the extra cost. 


Legends for Illustrations. Type legends for illustrations double 
spaced, starting on a separate page with arabic numerals corre- 
sponding to the illustrations. When symbols, arrows, numbers, or 
letters are used to identify parts of the illustrations, identify and 
explain each one clearly in the legend. Explain internal scale and 
identify method of staining in photomicrographs. 


Abbreviations. Define all abbreviations except those approved 
by the International System of Units for amount of substance, 
mass, length, time, temperature, electric current, and luminous 
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many abbreviations are used, include all in a box of definitions at 
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EMERS ON 
IMV| Ventilator 


A MAJOR ADVANTAGE 


of Emerson ventilators is the 
sine-wave pressure Curve 
produced by the Emerson piston. 


Inspiratory flow starts slowly, 
increases to maximum at mid-breath, 
and slows down again to a 
kind of plateau at the end. 


This flow pattern closely copies 
normal breathing, and (compared 
with a square wave) tends to distribute 
gas better in the lungs.* 
It probably accounts for the 
frequently-observed ability of 
Emersons to ventilate difficult 
patients at lower pressure levels. 


Exhalation is exceptionally free. 
Thus, the positive phase is not pro- 
longed needlessly, and impact on the 
cardiovascular system is minimized. 





The lower mean intrathoracic pressure, that results 
from this sine-wave pattern and easy exhalation, is a 
circulatory benefit of outstanding clinical importance. 


The simple, direct construction results in unique reliability. 
Emersons are known to operate for long periods 
without down-time or costly overhauls, a matter 
of significance for cost-effectiveness as well as 
for patient safety. 


With characteristics that ensure ventilatory capacity and 
a minimum of circulatory interference, your Emerson 
can be called on to treat severely difficult cases. It can 
provide important benefits in routine cases as well. 


*Sullivan, Saklad and Demers: “Ventilator Waveform and Gas Distribution” RESPIRATORY CARE 22:4:393. 


J. H. EMERSON COMPANY 


CAMBRIDGE, MASSACHUSETTS 02140 
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V z; over 125 million adminisirationsi in athe 
United States alone. 











-A in the world—every two seconds—someone makes another decision 
S n LUOTHANE® (halothane, U.S.F). And for good reasons: 


a FLUOTHANE has been more widely investigated than any other 
inhalation anesthetic. 








o The FLUOTHANE experience shows association with hepatotoxicity 
to be extremely rare.’ According to conclusions drawn from the 
United States National Halothane Study and other studies,* unex- 
plained jaundice following anesthesia with halothane ”...was a rare — 
occurrence (approximately 1:30,000 administrations) and... the over- 
all safety record of the anesthetic was excellent. ”? 











> FLUOTHANE ^. .is nearest to the ideal [inhalation anesthetic]. pres- - : 2 
| aty available for children of all ages." nae 












— ] FLUOTHAN E has been recommended as the anesthetic of ch oice 4 
for asthmatics. AEE ce 
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f Anesthesiologists, 


the most widely used inhalation 
anesthetic in the world 





(halothane, U.S.P) 


for a wide variety of 
techniques and procedures in patients of all ages 


(Compiete text of package circular) 
Description. FLUOTHANE, brand of halothane, 
U.S.P, is an inhalation anesthetic. It is 2- 
bromo-2-chloro-1, 1, 1-trifluoroethane and has 
the following structural formula: 








F Br 
N 
F C—C Ci 
/ 
F H 


The specific gravity is 1872-1877 at 20°C, 
and the boiling point (range) is 49°C ~ 51°C at 
760 mm Hg. The vapor pressure is 243 mm Hz 
at 20°C. The blood/gas coefficient is 2.5 at 
37°C, and the olive oil/water coefficient is 220 
at 37°C. Vapor concentrations within anesthetic 
range are nonirritating and have a pleasant 
odor FLUOTHANE is nonflammable, and its 
vapors mixed with oxygen in proportions from 
0.5 to 50 per cent (v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When moisture 
is present, the vapor attacks aluminum, 
brass, and lead, but not copper. Rubber some 
plastics, and similar materials are soluble in 
FLUOTHANE; such materials will deteriorate 
rapidly in contact with FLUOTHANE vapor or 
liquid. Stability of FLUOTHANE is maintained 
by the addition of 0.01 per cent thymo! (w/w), 
up to 0.00025% ammonia (w/w), and storage 
is in amber colored bottles. 

FLUOTHANE should not be kept indefinitely 
in vaporizer bottles not specifically designed for 
its use. Thymol does not volatilize along with 
FLUOTHANE, and therefore accumulates in 
the vaporizer, and may, in time, impart a yellow 
color to the remaining liquid or to wicks in 
vaporizers. The development of such discolora- 
tion may be used as an indicator that the vapor- 
izer should be drained and cleaned, and the 
discolored FLUOTHANE (halothane, U.S.P) 
discarded. Accumulation of thymol may be 
removed by washing with diethy! ether After 
Cleaning a wick or vaporizer, make certain all 
diethy! ether has been removed before reusing 
the equipment to avoid introducing ether into 
the system. 

Actions. FLUOTHANE is an inhalation anes- 
thetic. Induction and recovery are rapid 

and depth of anesthesia can be rapidly al- 
tered. FLUOTHANE progressively depresses 
respiration. There may be tachypnea with 
reduced tidal volume and alveolar ventilation. 


FLUOTHANE is not an irritant to the respiratory 
tract, and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal and 
laryngeal reflexes are rapidly obtunded. It 
causes bronchodilation, Hypoxia, acidosis, or 
apnea may develop during deep anesthesia. 

FLUOTHANE reduces the blood pressure, 
and frequently decreases the pulse rate. The 
greater the concentration of the drug, the more 
evident these changes become. Atropine may 
reverse the bradycardia. FLUOTHANE does not 
cause the release of catecholamines from adre- 
nergic stores. FLUOTHANE also causes dilation 
of the vessels of the skin and skeletal muscies. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include nodal 
rhythm, AV dissociation, ventricular extrasys- 
toles and asystole. FLUOTHANE sensitizes the 
myocardial conduction system to the action of 
epinephrine and norepinephrine, and the com- 
bination may cause serious cardiac arrhyth- 
mias. FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces moder- 
ate muscular relaxation. Muscle relaxants are 
used as adjuncts in order to maintain lighter 
levels of anesthesia. FLUOTHANE augments 
the action of nondepolarizing relaxants and 
ganglionic blocking agents. FLUOTHANE is a 
potent uterine relaxant. 

Indications. FLUOTHANE (halothane, U.S.P) is 
indicated for the induction and maintenance of 
general anesthesia. 

Contraindications. FLUOTHANE is not recom- 
mended for obstetrical anesthesia except when 
uterine relaxation is required, 

Warnings. When previous exposure to 
FLUOTHANE was followed by unexplained 
jaundice, consideration should be given to the 
use of other agents. 

FLUOTHANE should be used in vaporizers 
that permit a reasonable approximation of out- 
put, and preferably of the calibrated type. The 
vaporizer should be placed out of circuit in 
closed circuit rebreathing systems; otherwise 
overdosage is difficult to avoid. The patient 
should be closely observed for signs of overdos- 
age, Le., depression of blood pressure, pulse 
rate, and ventilation, particularly during 
assisted or controlled ventilation. 

Usage in Pregnancy. Safe use of 
FLUOTHANE has not been established with 
respect to possible adverse effects upon fetal 
development. Therefore, FLUOTHANE should 
not be used in women where pregnancy is 





possibie and particularly during early pregnancy, 
unless, in the judgment of the physician, the 
potential benefits outweigh the unknown haz- 
ards to the fetus. 

Precautions. The uterine relaxation obtained 
with FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives and oxy- 
tocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal fluid 
pressure. Therefore, in patients with markedly 
raised intracranial pressure, if FLUOTHANE is 
indicated, administration should be preceded 
by measures ordinarily used to reduce cerebro- 
spinal fluid pressure. Ventilation should be 
carefully assessed, and it may be necessary to 
assist or control ventilation to insure adequate 
oxygenation and carbon dioxide removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane, U.S.P) anesthesia 
since their simultaneous use may induce ven- 
tricular tachycardia or fibrillation. 

Nondepolarizing relaxants and ganglionic 
blocking agents should be administered cau- 
tiously, since their actions are augmented by 
FLUOTHANE. 

it has been reported that in genetically 
susceptible individuals, the use of general 
anesthetics and the muscle relaxant, succinyl- 
choline, may trigger a syndrome known as 
malignant hyperthermic crisis. Monitoring tem- 
perature during Surgery will aid in early recogni- 
tion of this syndrome. Dantrolene sodium and 
supportive measures are generally indicated in 
the management of malignant hyperthermia. 
Adverse Reactions. The following adverse reac- 
tions have been reported: mild, moderate and 
severe hepatic dysfunction (including hepatic 
necrosis}, cardiac arrest, hypotension, respira- 
tory arrest, cardiac arrhythmias, hyperpyrexia, 
Shivering, nausea, and emesis. 

Dosage and Administration. FLUOTHANE may 
be administered by the nonrebreathing technic, 
partial rebreathing, or closed technic. The 
induction dose varies fram patient to patient. 
The maintenance dose varies from 0.5 per cent 
to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide. 

How Supplied. No. 3125—Unit packages of 
125 mi and 250 mi of halothane, U.S.P, stabi- 
lized with 0.01% thymo! (w/w), and up to 
0.00025% ammonia (w/w). 7197/R82 


| | Ayerst Laboratories 
Ayerst. vo York, NY 10017 





We help make a tough 
job easier. 


A recent independent evaluation of vital signs monitors 
used in surgery rated the VSM"1 number one due to ease 
of operation. 


Number one. 


But it's not surprising. The VSM I vital signs monitor is made 
by the people who brought you the LIFEPAK® family of 
defibrillator/monitors all designed to be simple and 
straightforward to operate. 

You see enough complexity in your daily work without 
having to cope with it in the equipment vou use. 

Try the VSM I vital signs monitor, You'll agree. For ease of 
operation, it’s simply beautiful. 


The VSM1 vital signs monitor from Physio-Control. 
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Physio-Control Corporation © Cardiovascular Division o TES TL Willows Road 
T PUR BPasto toner) Corporatvan 





ow with electrosurgical interference suppression. 


Redmond, Washington 98052 USA 


(206) 881-4000 


Because a disconnect alarm 
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Hi-Lo Temp” 


Prove to yourself that the Hi-Lo Temp 
Stethoscope is The Sound Choice. 


To arrange an evaluation of the stethoscope or 
any of NCC’s other temperature monitoring 
devices in your hospital call 800-833-8842 
toll-free and ask for Sandy Mclntosh. Or send 
coupon. 


sD 


for accurate core / 
temperature monitoring 
with uncompromised 
heart ańd lung 

sound transmission 


+ CLEAR SOUNDS—Uniformly thin-walled 
sensitive cuff efficiently transmits sound to 
inner lumen permitting you to clearly hear 
cardiac_and ventilatory sounds. 

“SUPERB SENSITIVITY —Cuff is caréfully 
mounted to maintain the sensitivity that its 
thinness allows. 

* ENHANCED TRANSMISSION—Construction of 
1b] ol-m-lalat-lelon-i-Mie-larcital icici (eg of sound from 
rere jum (OM earpiece connector. 

* RELIABILITY—Sensors are individually tested 
for electrical continuity to provide you the 
confidence of NCC quality. 

e VERSATILITY —Choice of modet5 to fit most 
patient temperature monitors, including NCC’s 
Hi-Lo Temp Monitór and monitors utilizing 
YSL400Series compatible electronics. 


See package insert prior to use. 


NCC Division ; 
Mallinckrodt, Inc. 
230 Dix Avenue 

Glens Falls, NY 12801 


I'd like to know more about the full line of NCC temperature probes. Please call 
me to arrange an evaluation. 

PLEASE PRINT 

NAME 

TITLE 

HOSPITAL 


ADDRESS 


CITY 





When patients 
would rather 





not remember... 











premedication with 
Ativan’ (lorazepam) 
Injection IM or IV 
effectively reduces 
recall of events 
surrounding surgery 


@ Allays preoperative apprehension 


@ Leaves patients calm but cooperative 
® Causes little, if any, IV irritation 

@ Rated “highly acceptable” 

by most patients in clinical studies 

Surgical procedures are perceived as frightening or 
unpleasant by most patients. If given the opportunity, many 
would rather not remember any thing about the ordeal. 
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Ativan’ Injection can help. Administered as recommended, 
Ativan Injection helps sedate the patient, relieves presurgical 
anxiety and diminishes recall of events surrounding surgery. 


= y 


The dosage of Ativan Injection should be individualized for each 

patient. For those patients in whom a lack of recall and excellent 
sedation are desired, doses of 0.05 mg/kg up to a maximum 

of + mg should be administered. For patients in whom a lack of 
recall is not desired, as well as for the elderly or debilitated, the 

dose of Ativan Injection should be reduced. 





Wyeth Laboratories 


See important intormation on following page. Philadelphia, PA 19101 


ATIAN orze 
INJECTION M.V 





All VA N (LORAZEPAM) Œ 








DESCRIPTION: Ativan” (lorazepam) Injection, a benzodiazepine with antianxiety and sedative effects, is intended 
for IM or IV use. it has the chemical formula 7-chioro-5-(o-chlorophenyl)-1,3-dihydro-3-hydroxy-2A- 1.4-benzo- 
diazepin-2-one. 

Lorazepam is 4 nearly white powder almost insoluble in water. Each mi of sterile injection contains either 2.0 or 
4.0 mq lorazepam, 0.18 mi polyethylene glyco! 400 in propytene glyco! with 2.0% benzyl alcohol as preservative. 


CLINICAL PHARMACOLOGY: iV or IM administration of recommended dose of 2-4 mg lorazepam injection to 
aduit patients is followed by dose related effects of sedation (sleepiness or drowsiness), relief of preoperative anxi- 
ety and lack of recall of events related to day of surgery in most patients. The clinical sedation (sleepiness or 
drowsiness) thus noted is such that most patients are able to respond to simple instructions whether they give 
appearance of being awake or asleep. Lack of recall is relative rather than absolute, as determined under condi- 
tions of careful patient questioning and testing. using props designed tc enhance recall. Most patients under these 
reinforced conditions had difficulty recalling perioperative events, or recognizing props from before surgery. Lack 
of recall and recognition was optimum within 2 hours after IM and 15-20 minutes after IV injection. 

intended effects of recommended adult dose of lorazepam injection usually last 6-8 hours. in rare instances and 
where patients received greater than recommended dose, excessive sleepiness and prolonged jack of recall were 
noted. As with other benzodiazepines, unsteadiness, enhanced sensitivity to CNS depressant effects of ethyl alco- 
hol and other drugs were noted in isolated and rare cases tor greater than 24 hours. 

Studies in healthy adult volunteers reveal that IV lorazepam in doses up to 3.5 mg/70 kg dees not alter sensitiv- 
ity to respiratory stimulating effect of carbon dioxide and does not enhance respiratory depressant effects of doses 
of meperidine up to 100 mg/70 kg (also determined by carbon dioxide challenge) as tong as patients remain suffi- 
ciently awake to undergo testing. Upper airway obstruction was observed in rare instances where the patient 
received greater than recommended dose, and was excessively sleepy and difficult to arouse. (See WARNINGS and 
ADVERSE REACTIONS } 

Clinically employed doses of lorazepam injectable do not greatly affect the circulatory system in the supine posi- 
tion ar employing a 70 degree tilt test. Doses of 8-10 mg of IV lorazepam (2 to 2.5 times maximum recommended 
dosage} will produce joss of lid reflexes within 15 minutes. 

Studies in six {8} healthy young adults who received lorazepam injection and no other drugs revealed that visual 
tracking (the ability to keep a moving line centered) was impaired for a mean of eight (8) hours following 4 mg IM 
lorazepam and four (4) hours following 2 mg IM with considerable subject variation. Similar findings were noted 
with pentobarbital 150 and 75 mg. Although this study showed both lorazepam and pentobarbital interfered with 
eye-hand coordination, data are insufficient to predict when it would be safe to operate a motor vehicle or engage in 
hazardous occupation or sport 
INDICATIONS AND USAGE: in adults ~for preanesthetic medication, oroducing sedation (sleepiness or drowsi- 
ness}. relief of anxiety, and decreased ability to recall events related to day of surgery. Most useful in patients anx- 
ious about surgical procedure who preter diminished recall of events of day of surgery. 

CONTRAINDICATIONS: Known sensitivity to benzodiazepines or vehicle (polyethylene glycol, propylene glycol. 
and benzyl alcohol) or acute narrow angie glaucoma. intra-arterial injection is contraindicated because, as with 
other injectable benzodiazepines. inadvertent intra-arterial injection may produce arteriospasm resulting in gan- 
grene which may require amputation. (See Warnings} 

WARNINGS: PRIOR TO IV USE, LORAZEPAM SHOULD BE DILUTED WITH EQUAL AMOUNT OF COMPATIBLE DILUENT 
{SEE DOSAGE AND ADMINISTRATION}. IV INJECTION SHOULD BE MADE SLOWLY AND WITH REPEATED ASPIRATION. 
CAREFULLY DETERMINE THAT INJECTION WILL NOT BE INTRA-ARTERIAL AND PERIVASCULAR EXTRAVASATION 
WILL NOT OCCUR. PARTIAL AIRWAY OBSTRUCTION MAY OCCUR IN HEAVILY SEDATED PATIENTS. IV LORAZEPAM, 
GIVEN ALONE IN GREATER THAN RECOMMENDED DOSE. OR AT RECOMMENDED DOSE AND ACCOMPANIED BY 
OTHER DRUGS USED DURING ANESTHESIA. MAY PRODUCE HEAVY SEDATION: THEREFORE, EQUIPMENT TO MAIN- 
TAIN PATENT AIRWAY AND SUPPORT RESPIRATION AND VENTILATION SHOULD BE AVAILABLE. 


No evidence now supports lorazepam injection in coma, shock or acute alcohol intoxication. Since the liver is the 
most likely site of conjugation and since excretion of conjugated lorazepam (glucuronide), is renal, lorazepam is not 
recommended in hepatic and/or renal failure. This does not preclude its use in patients with miid te moderate hepa- 
tic or renal disease. When injectable lorazepam is used in mild to moderate hepatic or renal disease, consider 
lowest effective dose since drug effect may be prolonged. Experience with other benzodiazepines and limited expe- 
nence with parenteral lorazepam demonstrated that tolerance to concomitant alcohol and other CNS depressants 
is diminished. As with similar CNS-acting drugs, patients receiving injectable lorazepam should not operate 
machinery or motor vehicies or engage in hazardous occupations for 24 to 48 hours. Impairment of performance 
may persist for greater intervals because of extremes of age, other concomitant drugs, stress of surgery or general 
condition of patient. Clinical trials showed patients over 50 may have more protound and prolonged sedation with 
iV use. Ordinarily an initial dose of 2 mg may be adequate, unless greater degree of lack of recall is desired. As with 
all CNS depressants. exercise care in patients given injectable lorazepam since premature ambulation may result 
in injury from falling. There is no added beneficial effect trom adding scopolamine to injectable lorazepam; their 
combined effect may result in increased incidence of sedation, hallucination and irrational behavior. 

Pregnancy: LORAZEPAM GIVEN TO PREGNANT WOMEN MAY CAUSE FETAL DAMAGE. Increased risk of congenital 
malformations with use of minor tranquilizers (chlordiazepoxide, diazepam, meprobamate) during first trimester of 
pregnancy was suggested in several studies. In humans, blood leveis from umbilical cord biood indicate placental 
transter of lorazepam and its glucuronide. Lorazepam injection should not be used during pregnancy because of 
insufficient data on obstetrical safety, including its use in cesarean section. Reproductive studies performed in 
mice, rats, and two strains of rabbits showed occasional anomalies (reduction of tarsals, tibia, metatarsals, mairo- 
tated limbs, gastroschisis, malformed skull and microphthatmia) in drug-treated rabbits without relationship to 
dosage. Although ail these anomalies were not present in concurrent control group, they have been reported to 
occur randomly in historical controis. At doses of 40 mg/kg p.o. or 4 mg/kg IV and higher, there was evidence of 
fetal resorption and increased fetal loss in rabbits which was not seen at lower doses. 

Endoscopic Procedures: There are insufficient data to support lorazepam injection for outpatient endoscopic 
procedures. Inpatient endoscopic procedures require adequate recovery room observations. Pharyngeal reflexes 
are not impaired when lorazepam injection is used for per-oral endoscopic procedures, therefore adequate topical 
or regional anesthesia is recommended to minimize reflex activity associated with such procedures. 


PRECAUTIONS: General: Bear in mind additive CNS eftects of other drugs, e.g. phenothiazines, narcotic anaige- 
sics, barbiturates, antidepressants, scopolamine and MAO inhibitors when these drugs are used concomitantly 
with or during period of recovery from lorazepam injection. (See CLINICAL PHARMACOLOGY and WARNINGS. } Use 
extreme Care in giving lorazepam injection to elderly or very il patients, or those with limited pulmonary reserve, 
because of possible underventilation and/or hypoxic cardiac arrest. Resuscitative equipment for ventilatory sup 
port should be readily available. (See WARNINGS and DOSAGE and ADMINISTRATION } When lorazepam is used IV 
as premedicant prior to regional or focal anesthesia, excessive sleepiness or drowsiness may possibly interfere 
with patent cooperation to determine anesthesia levels. This is most likely when more than 0.05 mg/kg is given 
and narcotic analgesics are used concomitantiy with the recommended dose. (See ADVERSE REACTIONS.) 
information for Patients: As appropriate, inform patients of pharmacological effects. e.g. sedation, relief of 
anxiety and lack of recall, and duration of these effects (about 8 hours), so they may adequately perceive risks as 
weil as benefits from its use. Caution patients who receive lorazepam injection as premedicant that driving auto- 
mobiles or operating hazardous machinery, or engaging in hazardous sports should be delayed for 24 to 48 hours 
after injection. Sedatives, tranquilizers, and narcotic analgesics given with injectable lorazepam may produce 
more prolonged and profound effect. taking the form of excessive sleepiness or drowsiness, and rarely interfering 
with recall and recognition of events of day of surgery and the day after. Getting out of bed unassisted may result in 
tailing and injury if undertaken within 8 hours of receiving lorazepam injection. Alcoholic beverages shouid not be 
used for at feast 24 to 48 hours after lorazepam injection due to additive effects on CNS depression seen with ben- 
zodiazepines in general. Eiderly patients should be told torazepam injection may make them very sleepy for longer 
than 6 to 8 hours after surgery. 


Laboratory Tests: in clinical triais no laboratory test abnormalities were identified with single or muttipie doses 
of lorazepam injection. Tests included: CBC, urinalysis, SGOT, SGPT, bilirubin, alkaline phosphatase, LDH, choles- 
terol, uric acid, BUN, glucose, calcium, phosphorus and total proteins. 

Drug interactions: Lorazepam injection, like other injectable benzodiazepines, produces CNS depression when 
given with ethyl alcohol, phenothiazines, barbiturates, MAQ inhibitors and other antidepressants. When scopola- 
mine is used concomitantly with injectable lorazepam increased incidence of sedation, hallucinations and irrational 
behavior was observed. 

Drug/Laboratory Test interactions: No laboratory test abnormalities were identitied when lorazepam was 
given alone or concomitantly with another drug, e.g. narcotic analgesics, inhalation anesthetics, scopolamine, 
atropine, and various tranquilizing agents. 


INJECTION M oN 


Carcinogenesis, Mutagenesis, t of Fertility: No evidence of carcinogenic potential emerged in 
rats and mice during an stile study with oral lorazepam. No studies regarding mutagenesis have been per- 
formed. Pre-imp.antation study in rats, performed with oral lorazepam at a 20 mg/kg dose, showed no impairment 
of fertility. 

Pregnancy: Pregnancy Category D. See WARNINGS section. 

Labor and Delivery: There are insufficient data for lorazepam injection in labor and delivery. including cesarean 
section, therefore, this use is not recommended. 

Nursing Mothers: Do not give injectable lorazepam to nursing mothers, because like other benzodiazepines, 
lorazepam may possibly be excreted in human miik and sedate the infant. 

Pediatric Use: There are insufficient data to support efficacy or make dosage recommendations for injectable 
lorazepam in patients under 18 years. therefore, such use is not recommended. 

ADVERSE REACTIONS: ONS: Most frequent adverse effects with injectable lorazepam are extensions of drug's 
CNS depressant effects. incidence varied from ane study to another, depending on dosage. route. use of other CNS 
depressants. and investigator's opinion concerning degree and duration of desired sedation. Excessive sleepiness 
and drowsiness were main side effects. This interfered with patient cooperation in about 6% (25/446) of patients 
undergoing regional anesthesia in that they were unable to assess levels of anesthesia in regional blocks or with 
caudal anesthesia. Patients over 50 years had higher incidence of excessive sleepiness or drowsiness compared 
with those under 50 (21/106 vs 24/245) when lorazepam was given IV (see DOSAGE and ADMINISTRATION). On rare 
occasion {3/1580} patient was unable to give personal identification on arrival in operating room, and one patient 
fell when attempting premature ambulation in postoperative period. Symptoms such as restlessness, confusion, 
depression, crying, sobbing, and delirium occurred in about 1.3% (20/1580). One patient injured himself postopera- 
tively by picking at his incision, Hallucinations were present in about 1% (14/1580) of patients, and were visual and 
self-limiting, An occasional patient complained of dizziness, diplopia and/or biurred vision. Depressed hearing was 
infrequently reported during peak effect period. An occasional patient had prolonged recovery room stay, because 
of excessive sleepiness or some form of inappropriate behavior (latter seen most commonly when scopolamine 
given concomitantly as premedicant}. Limited information from patients discharged day after receiving injectable 
lorazepam showed one patient complained of some unsteadiness of gait and reduced ability to perform complex 
mental functions. Enhanced sensitivity to alcoholic beverages was reported more than 24 hours after injectabie 
lorazepam, similar to experience with other benzodiazepines. 


Local Effects: IM lorazepam resulted in pain at injection site. a sensation of burning, or observed redness in the 
same area in a very variable incidence from one study to another. Overall incidence of pain and burning was about 
17%; (146/859) in immediate postinjection period, and about 1.4% (12/859) at 24-hour observation time. Reactions 
at injection site (redness) occurred in about 2% (17/859) in immediate postinjection period, and were present 24 
hours later in about 0.8% {7/859}. IV lorazepam resulted in pain in 13/771 patients or about 1.6% immediately post- 
injection and 24 hours later 4/771 patients or about 0.5% stiil comptained of pain. Redness did not occur immedi 
ately post lV but was noted in 19/771 patients at 24-hour period (incidence is similar to that observed with IV 
infusion before lorazepam was given). 
Cardiovascular System: Hypertension (0.1%) and hypotension (0.1%) were occasionally observed after patients 
received mjectable lorazepam. 
Respiratory System: Five patients (5/446) who underwent regional anesthesia were observed to have partial 
airway obstruction. This was believed due to excessive sleepiness at time of procedure, and resu!ted in temporary 
underventilation. Immediate attention to the airway, employing usual countermeasures, will usually suffice to man- 
age this (see also CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS). 
Other Adverse Experiences: Skin rash. nausea and vomiting were occasionally noted in patients who received 
mjectable lorazepam with other drugs during anesthesia and surgery. 
DRUG ABUSE AND DEPENDENCE: As with other benzodiazepines, lorazepam injection has a low potential tor 
abuse and may lead to limited dependence. Although there are no such clinical data for injectable jorazepam, 
repeated doses over prolonged period af time may result in limited physical and psychological dependence. 
OVERDOSAGE: Overdosage of benzodiazepines is usually manifested by varying degrees of CNS depression rang- 
ing from drowsiness to coma. In mild cases symptoms include drowsiness, mental confusion and lethargy: in more 
Serious Cases ataxia, hypotonia, hypotension, hypnosis, stages one to three coma. and very rarely death. Treat- 
ment of overdosage is mainly supportive until drug is eliminated. Carefully monitor vital signs and fluid balance. 
Maintain adequate airway and assist respiration as needed. With normally tunctioning kidneys, forced diuresis 
with intravenous fluids and electrolytes may accelerate elimination of benzodiazepines. in addition, osmotic tiu- 
refics such as mannitol may be effective as adjunctive measures. in more critical situations, renal dialysis and 
exchange blood transfusions may be indicated. Published reports indicate that IV infusion of 0.5 to 4 mg physostig- 
mune at rate of }mg/minute may reverse symptoms and signs suggestive of central anticholinergic overdose (con- 
fusion, memory disturbance, visual disturbances, hallucinations. delirium): however, hazards associated with 
physostigmine (1.¢., induction of seizures} should be weighed against possible clinical benefit 
DOSAGE AND ADMINISTRATION: Parenteral drug products should be inspected visually for particulate matter 
and discoloration prior to administration whenever solution and container permit. Da not use if solution is discol- 
ored or contains a precipitate 
intramuscular injection: For designated indications as premedicant. usual IM dose of lorazepam is 0.05 mg/kg 
up to maumum of 4 mg, As with ail premedicants. individualize dose. (See also CLINICAL PHARMACOLOGY, WARN- 
INGS, PRECAUTIONS, and ADVERSE REACTIONS.) Doses of other CNS depressants should ordinarily be reduced. 
(See PRECAUTIONS.) For optimum effect, measured as lack of recall administer lorazepam IM at least 2 hours 
before anticipated aperative procedure. Administer narcotic analgesics at usual preaperative time. There are 
insufficient efficacy data to make dosage recommendations for iM lorazepam in patients under 18 years: therefore. 
such use is not recommended. 
intravenous injection: For the primary purpose of sedation and relief of anxiety. usual recommended initial IV 
dase of lorazepam is 2 mg total, or 0.02 mg/tb (0.044 mg/kg}, whichever is smaller. This dose will suffice for sedat- 
ing most aduits, and should not ordinarily be exceeded in patients over 50 years. in patients in whom greater likeli- 
hood of lack of recall for perioperative events would be beneficial, larger doses —~as high as 0.05 mg/kg up to total 
of 4mg—may be given. (See CLINICAL PHARMACOLOGY. WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS. ) 
Doses of other injectable CNS depressants should ordinarily be reduced. (See PRECAUTIONS.) For optimum effect 
measured as lack of recall, IV lorazepam should be administered 15-20 minutes before anticipated operative pro- 
cedure. EQUIPMENT NECESSARY TO MAINTAIN A PATENT AIRWAY SHOULD BE IMMEDIATELY AVAILABLE PRIOR TO 
IV USE OF LORAZEPAM (see WARNINGS). There are insufficient efficacy data to make dosage recommendations for 
IV iorazepam in patients under 18 years: therefore. such use ts not recommended. 
Administration: When given iM. lorazepam injection, undiluted, should be injected deep in muscie mass. Inject- 
able lorazepam can be used with atropine sulfate, narcotic analgesics, other parenterally used analgesics, com- 
momy used anesthetics, and muscle relaxants. Immediately prior to IV use, lorazepam injection must be diluted 
with an equal volume ot compatibie solution. When properly diluted the drug may be injected directly into a vein or 
inte the tubing of an existing IV infusion. Rate of injection should not exceed 2.0 mg per minute. Lorazepam injection 
is compatible for dilution purposes with: Sterile Water for injection. USP. Sodium Chioride injection, USP, 5% Dex- 
trose Injection, USP 
HOW SUPPLIED: Ativan” (iorazepam) injection, Wyeth, is available in muttiple-dase vials and in TUBEX® Sterile 
Cartridge-Needie Units. 
2 mg/m, NOC 0008-0581; 10 mi vial and tmi fill in 2 mi TUBEX, 
4mg/mi, NDC 0008-0570: 10 mi wat and 1 mi fiH in 2 mi TUBEX. 
For IM or IV injection. 
Protect from tight. Keep in refrigerator. 
Directions for Dilution for IN Use: To dilute, adhere to following procedure: For TUBEX (1) Extrude entire 
amount of air in hait-filled TUBEX, (2) Slowly aspirate desired volume of diluent. (3) Pull back slightly on plunger to 
provide additional mixing space. (4) Immediately mix contents thoroughly by gently inverting TUBEX repeatedly 
until homogenous solution results. Bo not shake vigorously, as this will result in air entrapment. For Vial--Aspirate 
desired amount of lorazepam injection into syringe. Then proceed as described under TUBEX. 


Wyeth Laboratories 


Philadelphia, PA 19101 


Ti3117-1 7/31/80 
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‘Invest In An Anesthesia System That Is Growing With 
Your Needs. . . The Foregger F500, Now With The 
Puritan-Bennett 224A Cardiac Monitor 


Puritan-Bennetts 224A is a highly versatile patient monitor Standard Features: 

designed for use in the Operating Room, and in transport : o , 

situations, where patient parameters must be monitored with @ Simplicity of operation 

accuracy and reliability. @ Optimal electrosurgical noise filtration 

The Monitor offers continuous waveform display of ECG, @ Non-fade, color-coded, high contrast CRT display 
Blood Pressure or Peripheral Pulse. Color-coded digital è Digital displays for Blood Pressure/Pulse, Heart Rate 
displays are provided for Heart Rate, Systolic/Diastolic or and Temperature 


Mean Pressure, and Temperature. 


The Cardiac Monitor includes a non-fade oscilloscope display 


è AC, DC or Battery operation 
& 
that is interference-free from electrosurgical noise. This e 
® 
& 


Color-coded displays, controls and connectors 
Rugged, light-weight design 

Autostart Recorder 

Automatic Gain Control of Pressure waveform display 


“noise-free” design is a standard integrated feature, not an 
option or “add-on” module. 


Operational simplicity is enhanced by: Automatic Gain Con- 
trol of Pressure Waveform display, slide-bar adjustments for Gósni Ois 

Heart Rate alarm limits and ECG Amplitude. The monitor also PURITAN-BENNETT | Oak at Thirteenth Streets 
includes a self-test mode and a‘‘Cable-Free”’ front CORPORATION Kansas City, Mo. 

panel design. 64106 
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ANXIETY OF 
INDUCTION 


CALM THE APPREHENSION 
WITHIN MINUTES WITH INJECTABLE 
VALIUM (diazepam/Roche) LV. 


You've seen the signs of anxiety hundreds of times. Palpi- 
tations. Tremulousness. Diaphoresis. Hyperventilation. 
Ordinary patients about to undergo an extraordinary 
ordeal: the physical and emotional traumas of neuro- 
muscular blockade, anesthesia and surgery. 

When you administer an antianxiety agent to these 
patients just before the procedure, you want a prompt, 
predictable anxiolytic response. And that is exactly 
what you achieve with Injectable Valium (diazepam/ 
Roche) IV. 

Usually within three minutes, patients grow notice- 
ably calmer after an intravenous injection of Valium. !2 
In most instances the patient falls into a light sleep, 

yet can still be easily aroused to respond to your 
instructions. This allows you to proceed directly with 
intubation, neuromuscular blockade and/or anesthesia. 
Other anxiolytics lack the rapid action of Injectable 
Valium IV., and may take up to 20 minutes or more to 
produce adequate sedation—a long time to wait 
before beginning the procedure. The rapid sedative 
action of Injectable Valium LV. gives you the control 
you need in the critical minutes before intubation. 
Dosages of concomitantly administered narcotic anal- 
gesics should be reduced by at least one-third and 
administered in small increments. In some cases, the 
use of a narcotic may not be necessary. 


Ready to use—needs no reconstitution or refrigera- 
tion In further contrast to other injectable anxiolytics, 
which may require dilution before being used, Injectable 
Valium IV. needs no reconstitution. Do not mix or 
dilute Valium with other drugs or solutions in syringe or 
infusion flask; administer slowly directly into a large 
vein, or inject slowly through the infusion tubing as close 
as possible to the vein insertion site. Take at least one 
minute for each 5 mg (1 ml). 

During storage, there is no need to refrigerate 
Injectable Valium—another advantage over other 
injectable agents. 


DIMINISH RECALL OF THE PROCEDURE 
WITH INJECTABLE VALIUM (diazepam/Roche) I.V. 


Recall of endotracheal intubation or other psychologi- 
cally disturbing events associated with anesthetic induc- 
tion and surgery can be largely prevented with 
Injectable Valium LV. 





A survey of the literature shows that 2586 of 2707 
patients (95% ) had partial or total lack of recall when 
Injectable Valium (diazepam/Roche) IV. was 

given as premedication for procedures in cardiac 

and plastic surgery, fracture reductions, gynecologic 
surgery, oral surgery and ophthalmic surgery.’ 

The anterograde amnesia produced atter an 
intravenous injection of Valium usually begins to take 
effect within three minutes, peaks within 10 minutes and 
persists for 20 to 60 minutes.247 


Minimal effect on cardiac and respiratory function 
A review of published reports involving more than 
12,000 patients administered Injectable Valium—includ- 
ing patients with coronary artery disease—shows that 
clinically significant blood pressure changes, alterations 
in basal circulatory parameters or increased incidence 
of hypotension, tachycardia or bradycardia are rare 
when recommended procedures for dosage and 
administration are followed. Clinically significant respi- 
ratory depression is also rare with Injectable Valium IV 
in subjects without respiratory disease (0.3% incidence 
in more than 12,000 patients). 

Facilities for respiratory assistance, however should 

be readily available. When administering Injectable 
Valium IV. to the elderly, to very ill patients or to patients 
with limited pulmonary reserve, lower doses (usually 

2 mg to 5 mg) and slow increase in dosage should be 
used because of the possibility that apnea and/or car- 
diac arrest may occur. Concomitant use of barbiturates 
or other CNS depressants increases depression with 
increased risk of apnea. As with most CNS-acting drugs, 
patients should be cautioned against drinking alcohol 
or operating hazardous machinery. 

So when anxiety mounts in the face of induction, choose 
the IV agent with a rapid, predictable anxiolyic effect... 


RAPIDLY AND 
PREDICTABLY 
CALMED WITH 


INJECTABLE 
VALIUM IV 


(diazepam /Roche) @ 


Ready-to-use, 2-ml Tel-E-Ject® disposable syringes 
2-ml ampuls, 10-ml vials 9 mg/ml 








see next page for references and summary of product information. 


Copyright © 1982 by Hoffmann-La Roche Inc. All rights reserved. ROCHE» 
® 
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INJECTABLE VALIUM diazepam /Roche) Q 


Please consult complete product information, a summary of which 
follows: 
indications: Management of anxiety disorders, or short-term relief ot symp- 
toms of anxiety. Anxiety or tension associated w th the stress of everyday life 
usually does not require treatment with an anxiolytic. Symptomatic relief ot 
acute agitation, tremor, impending or acute delirium tremens and hallucinosis 
due to acute alcoho! withdrawal: adjunctively in: relief of skeletal muscle 
spasm due to reflex spasm to local pathology. spasticity caused by upper 
motor neuron disorders; athetosis, stiff-man syndrome; tetanus. status epilep- 
ticus, severe recurrent seizures, adjunctively in anxiety, tension or acute 
stress reactions prior to endoscopic/surgical procedures: cardioversion. 
Contraindications: Hypersensitivity; acute narrow angle glaucoma: may be 
used in patients with open angle glaucoma receiving appropriate therapy. 
Warnings: To reduce the possibility of venous thrombosis, phlebitis, local 
irritation, swelling, and, rarely, vascular impairment when used IV.. inject 
Slowly, taking at least one minute for each 5 mg {1 mi) given, do not use small 
veins. 1e.. dorsum of hand or wrist; use extreme care to avoid intra-arterial 
administration or extravasation. Do not mix or diute Valium with other solu- 
vons or drugs in syringe or infusion flask. If it is not feasible to administer 
Valium directly IV., it may be injected slowly through the infusion tubing as 
close as possible to the vein insertion 
Administer with extreme care to elderly, very il, those with limited pulmonary 
reserve because of possibility of apnea and/or cardiac arrest: concomitant 
use of barbiturates, alcohol or other CNS depressants increases depression 
with increased risk of apnea: have resuscitative facilities available. When 
used with narcotic analgesic, eliminate or reduce narcotic dosage at least ‘A, 
administer in small increments. Should not be administered to patients in 
shock, coma. acute alcoholic intoxication with depression of vital signs. As 
with most CNS-acting drugs, caution against hazardous occupations requir- 
ing complete mental alertness (e.g., operating machinery, driving) 
Has precipitated tonic status epilepticus in patients treated for petit mal sta- 
ius or petit mal variant status. 
Withdrawal symptoms similar to those with barbiturates and alcoho! have 
been observed with abrupt discontinuation after long use of excessive doses. 
infrequently, milder withdrawal symptoms have been reported following 
abrupt discontinuation of benzodiazepines after long, continuous use at high 
therapeutic levels. After extended therapy, gradually taper dosage. 

Usage in Pregnancy: Use of minor tranquilizers during first trimes- 

ter should almost always be avoided because of increased risk of 

congenital malformations, as suggested in several studies. Con- 

sider possibility of pregnancy when instituting therapy; advise 

patients to discuss therapy if they intend to or do become 

pregnant. 
Not recommended for OB use. 
Efficacy/safety not established in neonates (age 30 days or less): prolonged 
CNS depression observed. In children, give slowly (up to 0.25 mg/kg over 3 
minutes) to avoid apnea or prolonged somnolence, can be repeated after 15 
to 30 minutes. If no relief after third administration. appropriate adjunctive 
therapy is recommended. 
Precautions: Although promptly controlled, seizures may return, re-adminis- 
ter if necessary; not recommended for long-terrr maintenance therapy. 
if combined with other psychotropics or anticonvulsants, carefully consider 
individual pharmacologic effects—particularly with known compounds which 
may potentiate action of Valium (diazepam/Roche}, ie., phenothiazines, nar- 
cotics, barbiturates, MAO inhibitors, antidepressants. Protective measures 
indicated in highly anxious patients with accompanying depression who may 
have suicidal tendencies. Observe usual precautions in impaired hepatic 
function, avoid accumulation in patients with compromised kidney function. 
Laryngospasm/increased cough reflex are possible during peroral endo- 
scopic procedures: use topical anesthetic. have necessary countermeasures 
available. Hypotension or muscular weakness possible, particularly when 
used with narcotics, barbiturates or alcohol. Use lower doses (2 to 5 mg} for 
elderly/debilitated. 
The ciearance of Valium and certain other benzcdiazepines can be delayed 
in association with Tagamet (cimetidine) administration. The clinicai signifi- 
cance of this is unclear. 


Adverse Reactions: Drowsiness. fatigue, ataxia. venous ihrombosis/phiebitis 
at injection site, confusion, depression, dysarthria, headache. hypoactivity, 
Slurred speech. syncope. tremor vertigo, constipation, nausea. incontinence. 
changes in libido, urinary retention, bradycardia, cardiovascular collapse, 
hypotension, blurred vision, diplopia, nystagmus, urticaria, skin rash, hic- 
cups, Changes in salivation, neutropenia, jaundice. Paradoxical reactions 
such as acute hyperexcited states, anxiety, hallucinations, increased muscle 
spasticity, insomnia, rage, sleep disturbances. stimulation have been 
reported; should these occur, discontinue drug. Cough, depressed respira- 
tion, dyspnea, hyperventilation, laryngospasmy/pain in throat and chest have 
been reported in peroral endoscopic procedures. Isolated reports of neutro- 
penia. jaundice; periodic blood counts, liver function tests advisable during 
long-term therapy. Minor EEG changes, usually low-voltage fast activity, of no 
known significance 


Dosage: Usual initial dose in older children and adults is 2 to 20 mg LM. or 
LV, depending on indication and severity Larger doses may be required in 
some conditions (tetanus). In acute conditions injection may be repeated 
within 1 hour, although interval of 3 to 4 hours is usually satisfactory. Lower 
doses (usually 2 to 5 mg) with slow dosage increase for elderly or debilitated 
patients and when sedative drugs are added. (See Warnings and Adverse 
Reactions. ) 

For dosages in infants and children see below: have resuscitative facilities 
available. 

LM. use: by deep injection into the muscle. 

LV. use. inject slowly, take at least one minute for each 5 mg (1 mi) given. Do 
not use small veins, i.e., dorsum of hand or wrist. Use extreme care to avoid 
intra-arterial administration or extravasation. Do not mix or dilute Valium with 
other solutions or drugs in syringe or infusion flask. If it is not feasible to 
administer Valium directly IV., it may be injected slowly through the infusion 
fubing as close as possible to the vein insertion. 


Status epilepticus, severe recurrent convulsive seizures (1V. route preferred), 
5 fo 10 mg adult dose administered slowly, repeat at 10- to 15-minute intervals 
up to 30 mg maximum, Repeat in 2 to 4 hours if necessary keeping in mind 
possibility of residual active metabolites. Use caution in presence of chronic 
lung disease or unstable cardiovascular status. Infants (over 30 days) and 
children (under 5 years), 0.2 to 0.5 mg slowly every 2 to 5 min., up to 5 mg 
(LV. preferred). Children 5 years plus, 1 mg every 2 to 5 min., up to 10 mg 
Saad iV. preferred), repeat in 2 to 4 hours if needed. EEG monitoring may be 
elptul. 
in endoscopic procedures, titrate LV. dosage to desired sedative response, 
generally 10 mg or less but up to 20 mg (if narcotics are omitted) immediately 
prior to procedure; if LV. cannot be used, 5 to 10 mg LM. approximately 30 
minutes prior to procedure. As preoperative medication, 10 mg LM. in car- 
dioversion, 5 to 15 mg LV. within 5 to 10 minutes prior to procedure. Once 
acute symptomatology has been properly controlled with injectable form, 
patient may be placed on ora! form if further treatment is required 


Management of Overdosage: Manifestations include somnolence, confu- 
sion, coma, diminished reflexes. Monitor respiration, pulse, blood pressure. 
employ general supportive measures, |V. fluids, adequate airway. Hypoten- 
sion may be combated by the use of levartereno! or metaraminol. Dialysis is 
of limited value. 

Supplied: Ampuis, 2 mi, boxes of 10; Vials, 10 ml, boxes of 1; Tel-E-Ject® 
(disposable syringes). 2 mi, boxes of 10. Each mi contains 5 mg diazepam 
compounded with 40% propylene giycol, 10% ethyl alcohol. 5% sodium ben- 
zoate and benzoic acid as buffers, and 1.5% benzy! alcohol as preservative. 
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Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 


“EGYPTIAN SOCIETY OF ANESTHESIOLOGISTS” 


LOYOLA UNIVERSITY OF CHICAGO 
ANNOUNCE 
oe “EGYPTIAN ANESTHESIA CONFERENCE” 
AN INTERNATIONAL CONVENTION FOR ANESTHESIOLOGISTS 
JANUARY 15-20, 1983 
CAIRO, EGYPT 
Program includes a refresher course and paper 


presentations 


Special guest faculty: Drs. Ali, Baraka, 
Estafanous, Kaplan, Nunn, and Winnie. 


For further details, please write to: 
Adel A. El-Etr, M.D. 


Professor and Chairman 
Pá Department of Anesthesiology 
Loyola University Medical Center 
2160 S. First Avenue 
Maywood, [Illinois 60153 
or call (312-531-4015) 
NEUROANESTHESIA 
FELLOWSHIPS . 
at the 21st CLINICAL CONFERENGE 
UNIVERSITY HEALTH CENTER IN 
OF PITTSBURGH 
PEDIATRIC ANESTHESIOLOGY 
— More than 2,000 neurosurgical operations annually ` 
aN — Active clinical research programs 


We offer structured educational programs in both clinical neu- 
roanesthesia and neuroanesthesia research. The clinical program 
includes six to eight months operating room anesthesia for 
neurosurgical operations and rotations in neurology, neurora- 
diology, neuropathology, neurosurgery and critical care. Clinical 
research emphasizes EEG and evoked potentials studies in the 
operating room, the intensive care unit and the primate labo- 
ratory. 


FEBRUARY 4-6 1983 


To be held at the: 


Los Angeles Marriott Hotel 


For information write to: 


Wayne Herbert, M.D. 

Program Director 

Pediatric Anesthesiology Foundation 
Childrens Hospital of Los Angeles 
P.O. Box 54700 

Los Angeles, CA 90054 


For further information contact: 


Betty L. Grundy, MD 
Director of Neuroanesthesia 
University of Pittsburgh School of Medicine 
Department of Anesthesiology/Critical Care Medicine 
1060-E Scaife Hall 

~a Pittsburgh, PA 15261 

- Telephone: (412)624-1481 


The University of Pittsburgh is an institution that follows the 
principles of Affirmative Action in all its principles. 
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CLEVELAND CLINIC FOUNDATION 


Division of Anesthesiology 


Department of 
Cardio-Thoracic Anesthesiology 















Positions available for “Clinical Fellow” at the Cleve- 
land Clinic Foundation, Department of Cardio-Tho- 
racic Anesthesiology in July, 1983 and January, 1984. 


The positions are for dedicated anesthesiologists who 
| have finished residency and desire advanced training 
| in all aspects of anesthesia and monitoring for cardiac 

and thoracic surgery and cardiac intensive care. The 

patient population is large in number and in the 

variety of pathology presented. Research facilities are 

available for interested candidates. The appointments 

are customarily for one year. Attractive starting salaries 
commensurate with previous training. Interviews will 
be arranged at our expense. We are an equal oppor- 
tunity employer. Please send curriculum vitae and 
reference sources to: 










Department of 
Cardio-Thoracic Anesthesiology 
Cleveland Clinic Foundation 
9500 Euclid Avenue 
Cleveland, Ohio 44106 


For further information, call (216) 444-2779. 





























The Bronx-Lebanon Hospital Center is seeking applications 
and nominations for the position of Director for the Depart- 
ment of Anesthesiology. The candidate must have broad 
experience in the clinical practice of anesthesiology and a 
demonstrated proficiency in administration and experience 
in teaching. The department is affiliated with the Albert 
Einstein College of Medicine. The candidate should be able 
to qualify for a senior academic appointment to the staff of 
the medical school. 


Piease send application, Curriculum Vitae, and bibliography 
to Paul H. Gerst, M.D., Chairman, Anesthesiology Search 
Committee 


The BRONx-LEDANON 
Hospital Center 


1650 Grand Concourse 


Bronx, NY 10457 
Equal Opportunity Employer M/F 









SUBSPECIALTY AND RESEARCH TRAINING 


IN 


ANESTHESIOLOGY/CCM 


The University of Pittsburgh offers subspecialty and clinical research training at the fourth and fifth postgraduate year levels. A limited 
number of positions are available for physicians who have completed the base clinical year and two years of clinical anesthesia training. 
More than 50,000 anesthetics are performed annually, including more than 2,000 neurosurgical, 7,000 obstetric, 8,000 pediatric and 700 
cardiac anesthesias (including 25 heart and heart lung transplantations). Further, over 4,000 patients are treated in the ICUs. 


NEUROANESTHESIA 


Betty L. Grundy, MD 

Director, Division of Neuroanesthesia 
University of Pittsburgh 

School of Medicine 

1060-B Scaife Hall 

Pittsburgh, PA 15261 


CRITICAL CARE MEDICINE 

Ake Grenvik, MD 

Director of Critical Care Medicine 
2414 Presbyterian-University Hospital 
DeSoto at O'Hara Street 

Pittsburgh, PA 15213 


PEDIATRIC ANESTHESIA 


D. Ryan Cook, MD 
Anesthesiologist-in-Chief 
Childrens Hospital of Pittsburgh 
Fifth and DeSoto 

Pittsburgh, PA 15213 


ANESTHESIA RESEARCH 


Peter M. Winter, MD 
Professor and Chairman 
Dept. of Anesthesiology 
University of Pittsburgh 
School of Medicine 


1385 Scaife Hall 


Pittsburgh, PA 15261 


OBSTETRIC ANESTHESIA 


Ezzat Abouleish, MD 
Chief, Obstetric Anesthesia 
Magee-Womens Hospital 
Forbes and Halket 
Pittsburgh, PA 15213 


CARDIAC ANESTHESIA 

John J. Sassano, MD 

Jose Marquez, MD 

Co-Directors, Division of 
Cardiac Anesthesia 

2406 Presbyterian-University 
Hospital 

DeSoto at O'Hara Street 

Pittsburgh, PA 15213 


The University of Pittsburgh is an institution that follows the principles of Affirmative Action in all its principles. 
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PEDIATRIC ANESTHESIOLOGIST: 


The Department of Anesthesiology, Uni- 
versity of California, Davis, seeks pediatric 
anesthesiologist. Active neonatal and pe- 
diatric service and excellent clinical re- 
search facilities. Assist/Assoc Professor 
commensurate with credentials. Candi- 
dates should have completed at least a 3- 
year residency and have a minimum of 
one year experience in research, teaching 
or clinical care including open-heart sur- 
gery; be Board certified or eligible; meet 
California State license qualifications. 
Women and minorities are encouraged to 
apply. Send curriculum vitae and names 
of three references to Hamilton S$. Davis, 
M.D., University of California, Davis, De- 
partment of Anesthesiology, Davis, Ca., 
95616. The University of California is an 
equal epportunity/affirmative action em- 
ployer. 

FFD-Open Until Filled. 


GENERAL ANESTHESIOLOGIST: 


The Department of Anesthesiology, Uni- 
versity of California, Davis, seeks anesthe- 
siologist. Active anesthesia service and ex- 
cellent clinical research facilities. Lecturer/ 
Assistant Professor commensurate with 
credentials. Candidates should have com- 
pleted at least a 3-year residency and have 
a minimum of one year experience in re- 
search, teaching or clinical care; be Board 
certified or eligible; meet California State 
License qualifications. Women and minor- 
ities are encouraged to apply. Send curric- 
ulum vitae and names of three references 
to Hamilton 9. Davis, M.D., University of 
California, Davis, Department of Anesthe- 
siclogy, Davis, Ca., 95616, The University 
of California is an equal opportunity/af- 
firmative action emplover. 


FFD-Open Until Filled. 


Aa TUTOR IER ARLEN 
ANESTHESIOLOGIST: 


Attractive anesthesia opportunities avail- 
able nationwide on a permanent or locum 
tenens basis. Let our health professionals 
find you that special position; with no cost 
to you. Inquiries in confidence to: 
HEALTH MANAGEMENT SERVICES, 
5555 W. Greenbrier Dr., Glendale, AZ 
85308 (602) 978-4676. 


classified 
ADVERTISING 


INTENSIVE CARE 
ANESTHESIOLOGIST: 

The Department of Anesthesiology, Uni- 
versity of California, Davis, seeks inten- 
sive care anesthesiologist. Active surgical 
LCU. service and excellent clinical re- 
search facilities. Assist/Assoc Professor 
commensurate with credentials, Candi- 
dates should have completed at least a 3- 
yr residency and have a minimum of one 
year experience in research, and/or critical 
care; be Board certified or eligible; meet 
California State license qualifications. 
Women and minorities are encouraged to 
apply. Send curriculum vitae and names 
of three references to Hamilton S. Davis, 
M.D., University of California, Davis, De- 
partment of Anesthesiology, Davis, Ca., 
95616. The University of California is an 
equal opportunity/affirmative action em- 
ployer. 

FFD-Open Until Filled 

bi ao Se ee ie ied 


ANESTHESIOLOGIST: 

Private practice opportunity with a 12- 
member group. Excess of 15,000 cases per 
year encompassing the full range of Anes- 
thesiology practice. We practice in a 750- 
bed teaching hospital with residents, med- 
ical students, and CRNAs. We are seeking 
a well trained American or Canadian grad- 
uate who is interested in joining our di- 
verse practice, with above average com- 
pensation, in the Midwest Great Lakes 
area. Please reply with C.V. to Box 9-82- 
A, c/o [ARS. 

Ss TEN TIS LE TE EIST 


Department of Anesthesiology, Medical 
College of Ohio at Toledo, seeks qualified 
additional faculty at Assistant Professor 
and Associate Professor levels for clinical 
practice, teaching and research involve- 
ment. Adding high-risk obstetrical unit 
late 1983, Interest in regional anesthesia 
and pain management sought. Candidates 
must be ABA certifted or eligible and have 
Ohio license. Competitive salary commen- 
surate with background and experience. 
New medical school campus and hospital 
in attractive lake-side community with ex- 
cellent family assets, and recreational op- 
portunities, Please send letter, CV plus 
three references to John T. Martin, M.D., 
Professor and Chairman, Department of 
Anesthesiology, Medical College of Ohio 
at Toledo, CS 10008, Toledo, Ohio 43699, 
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ERE STSCI 
ANESTHESIOLOGIST— 


needed immediately in San Francisco Bay 
Area to join all-physician private practice 
group in large private community hospital. 
All types of surgery including open heart, 
OB and out-patient. First year salaried 
with partnership offered thereafter. Good 
insurance and retirement plans and other 
benefits plus liberal vacation time. Must 
be Board certified or eligible and licensed 
in Calif. Reply with curriculum vitae plus 
names for reference to Box 9-82-B, c/o 
LIARS. 


ANESTHESIOLOGIST — 

Board certified/eligible: To join four phy- 
sician, private fee-for-service anesthesiol- 
ogy group. Group provides total anesthe- 
sia care in busy modern metropolitan hos- 
pital (300 beds). Excellent salary, fringe, 
continuing education and related profes- 
sional development. Beautiful community 
with excellent schools and education. 
Great opportunity for professional and fi- 
nancial growth in family oriented com- 
munity. Immediate opening but will wait 
for right candidate. Send qualifications to 
Medical Park Anesthesiologists, Inc., 
Medical Park, Wheeling, WV 26003. 


PEDIATRIC ANESTHESIOLOGY RESI- 
DENCY 
Childrens Hospital of Los Angeles has ad- 
vanced clinical program for residents at 
the second and third year level of training. 
Also accepting applications from practic- 
ing anesthesiologists who wish to update 
their knowledge and proficiency. Positions 
available from 2 months to I year, Spe- 
cialized year approved by the AMA. For 
further details contact: 

George B. Lewis, Jr, MD 

Head, Division of Anesthesiology 

Childrens Hospital of Los Angeles 

4650 Sunset Boulevard 

4650 Sunset Boulevard 

Los Angeles, CA 90027 

Phone (213} 662-1708 





MINNESOTA: 


Anesthesiologist, Board certified or eligi- 
ble, needed in small Minnesota city. Mod- 
ern regional referral hospital, Reply to Box 
11-81-D, c/o IARS. 


ANESTHESIOLOGISTS 


needed, Board certified or eligible in ex- 
panding 650-bed medical center. Excellent 
practice opportunity. Please contact R, P. 
Strader, M.D., Western Anesthesiology, 
P.O. Box 24507, St. Louis, MO 63141. 


TEXAS— 


Small, attractive Northeast Texas city with 
unusually advanced medical community 
needs another anesthesiologist, Board eli- 
gible or Board certified, Send CV to Box 
8-82-E, c/o IARS. 


DIRECTOR -PAIN MANAGEMENT 
UNIT: 


The Department of Anaesthesia, Univer- 
sity of Saskatchewan is seeking a new 
director for the Pain Management Unit 
situated at The University Hospital, Sas- 
katoon, with an associated unit serving 
Southern Saskatchewan in Regina (Plains 
Health Centre.) The successful applicant 
should ideally be certificated by The Royal 
College of Physicians and Surgeons in 
Canada with a minimum of two (2) years 
experience in pain management. Salary 
and academic rank will be commensurate 
with training and experience. For further 
information, reply to: Dr. W. B. Mac- 
Donald, Professor and Chairman, Depart- 
ment of Anaesthesia, University of Sas- 
katchewan, Saskatoon, Saskatchewan S7N 
owo, or, Dr. C. J. Kilduff, Professor of 
Anaesthesia, University Hospital, Saska- 
toon, Saskatchewan S7N OXO. 


CRITICAL CARE FELLOWSHIP: 


One year fellowship in critical care for 
physicians who are Board eligible in med- 
icine or anesthesia, Rotations offered in 
trauma anesthesia, hyperbaric medicine, 
infectious disease, trauma resuscitation, 
psychiatry, and EMS systems. Competitive 
salary, opportunities for basic and clinical 
research available. Send curriculum vitae 
to Peter Chodoff, M.D., M.P.H., Director 
of Critical Care/Anesthesia, Maryland In- 
stitute for Emergency Medical Services 
Systems, 22 S. Greene Street, Baltimore, 
MD 21201. 


Cllassitiied 
ADVERTISING 


ANESTHESIOLOGIST—CHIEF, ANES- 
THESIA SECTION— 


Board Certified for academic affiliated VA 
Medical Center, North Chicago, IL. Ample 
time permitted for research, academic pur- 
suit and teaching. Basic salary supple- 
mented by incentive bonus and scarce spe- 
cialty bonus. Four weeks vacation as well 
as authorized salaried absences for contin- 
uing education available. Contact: Thomas 
D, Hall, M.PD, Chief, Surgical Service 
(112), VA Medical Center, North Chicago, 
IL. 60064. 


CNRS ADD EEE TIER AA ESTERS 
WESTERN MASS: 


Anesthesiologist, Board certified or cur- 
rently in the Examination System, inter- 
ested in teaching, to join the Dept. of 
Anesthesia of the 950-bed Baystate Med- 
ical Center, Springfield, MA. Fee-for-ser- 
vice, P.C., Full share after one year. Please 
send C.V. or call: Franco Dinale, Chair- 
man, or Howard Trachtenberg, V. Chair- 
man, 759 Chestnut St., Springfield, 
MA. 01107 (413) 787-4327 or 787-4212. 


AEE 
ANESTHESIOLOGIST: 


To join group in Brown affiliated, OB/ 
GYN hospital, fringe benefits, salary com- 
mensurate with experience. Opportunity 
for teaching and clinical research. Contact: 
Yusef Barcohana, M.D., Chief, Depart- 
ment of Anesthesia, Women & Infants 
Hospital, Providence, R.I. 02908, (401) 
274-1100, X 430. 


TANNIN EES ERE CC NISHA NES 
ANESTHESIOLOGIST: 


Board certified or eligible, to join profes- 
sional corporation serving a rural hospital 
in coastal Virginia. No cardiac or neuro- 
surgery. Ideal for semi-retired person. Op- 
portunity to purchase practice. Reply to 
Box 10-82-D, c/o [ARS. 


AVAILABLE: 

Anaesthetist with 3-year’s clinical experi- 
ence in Bombay, not passed ECFMG/ 
VQE. Ready to work as clinical assistant 
at any remote place in America/Canada. 
Those who can arrange for visa please 
reply to Box 10-82-C, c/o IARS. 
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ER ESTE SSE 
CRITICAL CARE FELLOWSHIP 


Applications now being accepted for the 
1983 academic year (early starting date 
available.) This is a 1-2 year program in a 
24-bed multidisciplinary Critical Care 
Center with computerized cardiovascular 
monitoring, mass spectrometer and stat 
lab. In addition to clinical opportunities 
for research, investigation can be con- 
ducted in a well-equipped animal lab. Pro- 
gram affiliated with Jacksonville Health 
Education Program/University of Florida. 
Candidates must be Board eligible/certi- 
fied in either anesthesiology, surgery or 
internal medicine. Send CV. to: M. 
Mathru, M.D., Director, Critical Care 
Medicine, Memorial Hospital, P. O. Box 
16325, jacksonville, Florida 32216. 


NOONAN aaa eee amen | 
ANESTHESIOLOGIST: 


Board eligible or preferably certified car- 
diovascular anesthesiologist (fellowship in 
adult and pediatric cardiovascular anes- 
thesiology} wanted at a University-affili- 
ated program with a large volume of pe- 
diatric and adult cases. Salary negotiable 
pending experience and credentials. Great 
opportunity for outdoor activities includ- 
ing sailing and fishing with the Atlantic 
Ocean only 20 minutes away from down- 
town. Send C.V. to the Chief of Anesthe- 
sia, University Hospital of Jacksonville, 
655 W. Eighth Street, Jacksonville, Flor- 
ida 32211 (904) 350-6899, Ext 3002. 


a a 
ANESTHESIOLOGISTS WANTED— 


Aggressive professional corporation needs 
two anesthesiologists immediately and 
two more within six to twelve months. OB 
and Cardiovascular interest especially 
needed, Corporation presently providing 
anesthesia services to the three largest hos- 
pitals in the immediate area. Please send 
resumes to General Anesthesia Services, 
Inc, P. O. Box 4005, Charleston, 
WV 25304 (304) 342-7178. 


ane Se OE Mc TRAN 
ANESTHESIOLOGIST— 


33, Board certified, completing internal 
medicine residency. Seeking fee-for-ser- 
vice or hospital based practice in midwest, 
July 1983. Reply to Box 10-82-B, c/o TARS. 


The Ellis Fischel Cancer Center, recently 
designated a regional cancer center, is be- 
ginning a search for Director of Depart- 
ment of Anesthesiology. The Director 
would be expected to provide general and 
regional anesthesia for all types of cancer 
surgery. Experience in departmental ad- 
ministration is desirable. Experience in 
pain control and intensive care is desira- 
ble. Research and teaching opportunities 
are available. Salary is competitive with 
other institutions. Contact William G. 
Kraybill, M.D., Chairman of Search Com- 
mittee for Anesthesiology, Ellis Fischel 
Cancer Center Hospital, Columbia, Mis- 
souri 65201, Phone: (314) 875-2214. 





INTENSIVIST— 


37 ABA, fellowships cardiac anes./critical 
care, seeking fee-for-service opportunities 
with anes./resp./critical care require- 
ments. Director of an ICU and Co-Director 
of a nationally known [CU with fellowship 
trainees. Experienced in establishing an 
ICU (admin., equipment, nursing proto- 
cols, continuing staff education, billing, 
etc.) Director of large resp. therapy de- 
partment. Variety of national lecture ex- 
perience/author, American-bor/trained. 
AIl locations and institutional sizes consid- 
ered. Reply to Box 10-82-A, c/o LARS. 


ANESTHESIOLOGISTS— 


Excellent, pre-qualified individuals avail- 
able to join your group on a career or 
temporary basis. For more information 
please contact: Southwest Anesthesia Ser- 
vices, R.R. #3 Box 86 MM, Santa Fe, New 
Mexico 87501. (505) 983-7371. 


OKLAHOMA: 


Staff Anesthesiologist at Associate or As- 
sistant Professor level to augment existing, 
staff of pediatric anesthesia at the Okla- 
homa Children’s Memorial Hospital. Must 
be Board certified or qualified with interest 
in Pediatric Anesthesiology. Interest in 
working with residents, interns and med- 
ical students. Research opportunities 
available. An equal opportunity/affirma- 
tive action employer. Contact Bertram E. 
Sears, M.D., Department of Anesthesiol- 
ogy, University of Oklahoma, Oklahoma 
City, Oklahoma 73190 Telephone: (405) 
271-4785 


classified! 
ADVERTISING 


OKLAHOMA: 


Staff Anesthesiologist at Associate or As- 
sistant Professor level to fill recently cre- 
ated staff position in general anesthesia. 
Must have completed a residency ap- 
proved by the American Board of Anes- 
thesiology. The person will be required to 
work with residents, interns and medical 
students in teaching and in the delivery of 
health care. Research interests are also 
desirable and facilities are available for 
those interested. Should be available 1982. 
Contact Bertram E. Sears, M.D., Univer- 
sity of Oklahoma Health Sciences Center, 
Oklahoma City, Oklahoma 73190. De- 
partment of Anesthesiology Telephone: 
405 271-4785 An equal opportunity em- 
ployer. 


JOURNALS WANTED 


to complete collection in academic depart- 
ment library. We would like to get the 
following complete volumes in good con- 
dition, preferably bound: Anaesthesia, 
vols 1-16 inclusive; Anaes. Analg. 1-40; 
Brit. J. Anaes. 1-25: Canad. Anaes. Soc. J. 
1-28. 

Donations are tax-deductible. If you have 
or know of fournal collections to be dis- 
persed, please contact Dr. D.E. Leith, An- 
esthesia Department, Brigham and 
Women’s Hospital, 75 Francis Street, Bos- 
ton, MA 02115, 





OREGON: 


Oregon Health Sciences University, De- 
partment of Anesthesiology is recruiting 
for faculty members at the Assistant and 
Associate Professor level. Specialized year 
training or equivalent experience desira- 
ble. Specific need exists in critical care, 
obstetrical anesthesia, pediatric anesthe- 
sia, and regional anesthesia and pain ther- 
apy although all applicants with strong 
clinical teaching ability and interest will 
be considered. Candidates must be eligible 
for Oregon Medical License. Please send 
C-V to Wendell C. Stevens, M.D., Oregon 
Health Sciences University, Department 
of Anesthesiology, 3181 S.W. Sam Jackson 
Park Road, Portland, OR, 97201. The Or- 
egon Health Sciences University is an 
equal opportunity/affirmative action em- 
ployer. 
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ROCKY MTS. /SOUTHWEST— 


We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Ex- 
penses paid; partnerships usually avail- 
able. Please contact Southwest Anesthesia 
Services, R.R. #3 Box 96 MM, Santa Fe, 
New Mexico 87501 (505) 983-7371. 


OKLAHOMA: CARDIOVASCULAR 
ANESTHESIOLOGIST. 


Director, Section of Cardiothoracic Anes- 
thesia, Department of Anesthesiology, 
University of Oklahoma Health Sciences 
Center. Assistant or Associate Professor 
depending on experience. Responsible for 
patient care and resident education. Re- 
search facilities available. For information 
contact Bertram E. Sears, M.D., Depart- 
ment of Anesthesiology, University of 
Oklahoma Health Sciences Center, Okla- 
homa City, Oklahoma 73190 Telephone: 
(405) 271-4785 


PEDIATRIC ANESTHESIOLOGY FEL- 
LOWSHIP— 


The Children’s Hospital, Denver, Colo- 
rado offers an approved PGY-4 fellowship 
year encompassing extensive operating 
room experience with opportunities for 
training in pediatric and neonatal intensive 
care, as well as participation in clinical 
research. 6,000 surgical procedures an- 
nually, 32-bed pediatric ICU and 32-unit 
neonatal tertiary care center. For infor- 
mation contact: Charles H. Lockhart, 
M.D., Director of Anesthesiology, The 
Children’s Hospital, 1056 E. 19th Avenue, 
Denver, CO 80218. 


Rates for classified advertising: $3.00 per 
line, minimum 5 lines; box number ads 
$3.50 per line. Classified display rates on 
request. Copy deadline 6 weeks prior to 
publication. Do not submit payment with 
order; invoices will be sent for payment 
prior to publication. Ad copy, subject to 
acceptance by publisher, should be mailed 
to: Anesthesia and Analgesia, 3645 War- 
rensville Center Rd., Cleveland, OH 
44122, 
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Reaonol 


Coyridostigmine 
omde inection) 


Now formulated without parabens, Regonol is a 
fast-acting reversal agent with documented 
advantages over neostigmine. It maintains 
greater cardiovascular stability,’ causes fewer 
muscarinic side effects, and has up to 33% 
longer action.2 A wider margin between the anti- 
curare dose and the neuromuscular blocking 
dose? assures better control of the patient. 
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References: 1. Gyermek L Curr Ther Res 18 377386. 1975. 2. Katz RL Anesthesiology 28.528-5 


BRIEF SUMMARY-—(Piease consult full package insert, enclosed in every package, before 
using Regonol) 


INDICATIONS—Pyridostigmine bromide is useful as a reversal agent or antagonist to 
nondeoadlanzing muscle relaxants. 


CONTRAINDICATIONS— Known hypersensitivity to antcholinesterase agents intestinal and 
wnviary Obstructions of mechanical type. 

WARNINGS--Pyndostigmine bromide should be used with particular caution in patients with 
bronchial asthma or cardiac dysrhythmias. Transient bradycardia may occur and be relieved by 
afropine sulfate. Atropine shouid also be used with caution in patierts with cardiac dysrhyth- 
mias. When large doses of pyndastigmine bromide are administered, as during reversai of 
uscie relaxants, pror or simultaneous mection of atropine sulfate is advisabie. Because of the 
possibility cf hypersensitivity in an occasional patent, atropine and antishock medication 
should always be readily avaiabie. 

When used as an antagonist to nondepoiarzing muscle relaxants, adequate recovery of 
voluntary respiration and neuromuscular transmission must be obtained prior to discontinua- 
ton of respiratory assistance and there should be continuous patient observation. Satisfactory 
recovery may be defined by a combination of clirucal judgement, respiratory measurements and 
observation of the effects of penpheral nerve stimulation if there is any doubt concerning the 
adequacy of recovery from the effects of the nondepolarizing muscle relaxant, artificial 
ventilator shoulda be continued unti all doubt has been removed. 

Use in Pregnancy—The safety of pyndostigmine bromide during pregnancy or lactation in 
humans has not been established. Therefore ts use in women who are pregnant requires 
weighing the drug's potential benefits against its possible hazards to mother and child. 

ADVERSE REACTIONS—The side effects of pyridostigrine bromide are most commonly 
related to overdosage and generally are of two varieties, muscarinic and meotre Among those 
in [he former group are nausea, vomiting, diarrhea, abdominal cramps. increased peristalsis. 
increased salvation, increased bronchial secretions, miosis and chaphoresis. Nicotinic side 
effects are comprised chiefly of muscle cramps, fasciculation and weakness. Muscarinic side 


effects Can usually be counteracted by atrapme. As with any compound containing the bromide 
radical, a skin rash may be seen in an occasional patient. Such reactions usually subside 
promptly upon discontinuance of the medication. Thrombophiebitis has been reported 
subsequent to intravenous administration 


DOSAGE AND ADMINISTRATION -When pyridostigmine bromide is given intravenously to 
reverse the action of muscle relaxant drugs. itis recommended that atropine sulfate (0.6 to 1.2 
mg jor glycopyrrolaté in equipotent doses be given intravenously immediately prior to or 
SYMNUNaANeGUS with its admunustration Side effects. notably excessive secretions and bradycar- 
dia are thereby minimized. Reversal dosages range from 0.1-0.25 mg. ka. Usually 10 or 20 rng. 
of pynidastgmine Dranude will be sufficient for antagonism of the effects of the nondepolarizing 
ruscle relaxants. Although full recovery may occur within 15 rranutes in most patients, others 
may require a hall hour or more. Satisfactory reversal can be evident by adequate voluntary 
respiration, respiratory measurements and use of a penpheral nerve stimulator device. It is 
recommended that the patient be well ventilated and a patent airway maintained until complete 
recovery of normal respiration is assured. Once satisfactory reversal has been attained, 
recuranzation has not been reported 

Failure of pyndostigmine bromide to provide prompt (within 30 minutes} reversal may occur, 
e.g. in the presence of extreme debiltation, carcinomatosis. or with concomitant use of certain 
broad spectrum antibiotics or anesthetic agents. notably ether Under these circumstances 
ventilation must be supported by artiticial means until the pahent has resumed control of his 
respiration. 


HOW SUPPLIED- Regonoi is avalable iri. 
omg mi 2m ampuls—boxes of 25—NOC-0052-0460-02 
5m vials-- boxes of 25--NDC-0052-0460-05 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 


Organon 


fyi 
A PART OF AAXKZ0N@ ING 


SEE US AT BOOTH #58 IN LAS VEGAS 


The Reinforced Tracheal Tube was 
mdeveloped to reduce the risk of occlusion 
®due to kinking and compression. 


The tube is used to provide a patient airway 
when the anesthesiologist must work at 
some distance from the surgical field 
during head and neck procedures and when 
the patient's position increases the risk of 
kinking a tube that is not reinforced* 


The tube is made of high quality poly- 
vinyl chloride (PVC), which is extruded to 
a uniform thickness with the full-length 
reinforcing wire inside. This material and 
method of construction solve many of the 
problems associated with dipped latex 
anode tubes and provide a number of 
important advantages. 


The soft, flexible tube, smooth bevelled tip 


and high volume,. low pressure cuff work Reinforcing wire is permanently 
together to reduce possible mucosal trauma sealed against the connector for 
during intubation and in use. Reference added resistance to kinking. 


Low pressure, high volume cuff 


depth marks 2 and 4 cm above the cuff drapes lightly on trachea to reduce 


i has oe i replacement. Tight h mucosal trauma, creates a seal with 

sealing of the reinforcing wire against the no distention and less danger of 

connector lowers the potential for kinking eccentric dilation. 

even at this “high-risk” junction. The short tip has no excess material 

For more information about the advantages to fold over and occlude lumen, 

of extruded PVC reinforced tubes—and a ehee bevel helps prevent mucosal 
. rauma. 

free sample—write or call NCC. Standard Magill curve for easier 

See package insert prior to use. intubation. 


Single-use convenience—no 


FOR MORE INFORMATION chance of ethylene oxide permea- 
Call 800-833-8842 and tion during resterilization to cause 
ask for Sandy McIntosh. blistering or separation of layers. 


NCC Division 
Mallinckrodt, Inc. <Mallinckrodt> 4 
230 Dix Avenue 

Glens Falls, New York 12801 


CALL OR WRITE FOR FREE SAMPLE. 


“Ng TY, Kirimli Bl: Hazards in Use ot Anode Tracheal Tube 
a Case Report and Review. Anesthesia and Analgesia. 
54:710. 1975 
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Selective unilateral pulmonary venti- 
ation through a double-lumen endo- 

_ oronchial tube provides good surgical 
ecess and an immobile lung.’ 


addition to providing an improved field, double-lumen tubes 
_dermit complete isolation of the diseased lung to help protect 
“against the spill of suppuration and hemorrhage into the healthy 
ng when unilateral pulmonary infection or hemorrhagic 
sion is involved. 
Because one lung is immobile, a quieter surgical field is 
‘resented and trauma to lung tissue from excessive 
~eatraction is reduced.” 
At one time, there was some concern about unrecog- 
“ized hypoxemia during thoracotomy with ventilation of 


st one lung, but numerous studies indicate that this 
gar is largely unjustified in most cases.? 

For more information about the advantages of 
double-lumen tubes—and a demonstration of the 
eft and right mainstem Broncho-Cath Endobron- 


shial Tubes—write or call NCC. - 
ee package insert prior to use. 


ICC Division 
allinckrodt, Inc. 
30 Dix Avenue 


EFERENCES:: 
Capan, LM. Turndori, J. Patel, O, Ramanathan, $, 
Acinapura, A and Chanion, d, Anesth. Analg.. 
59:847-B51, 1980. 


_ Fiser WP Friday, CD and Read, RC, J Thorac. 
Cardiovasc. Surg. 83'532-531, 1982. 


Right and left mainstem 
models now avaiable. 


Swivel connectors permit 360° 
rotation for maximum flexibility 
in set-up. 

High volume, low pressure 
cuffs help minimize tracheal 
trauma. 


Suction ports in connectors 
permit suctioning without 
disconnecting circuit. 
Supplied with stylet, suction 
catheters and connectors. 


For singie-patient use. 
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Non-invasive; direct 
auscultatory measurement 


Systolic, diastolic, pulse and 
mean arterial pressure in 
35 seconds or less 


Automatic cuff 
inflation/deflation 


Temperature measurement 
with esophageal/rectal or 
skin surface disposable 
probes 


A lot can happen in 20 seconds, especially during 
Induction. Thats why you'll appreciate our quick 
systolic update. After the first few minutes, you'll 
probably select complete blood pressure monitor- 
ing every 2.5, 5 or 15 minutes...or you can continue 
with systolic-only if you prefer. Manual monitoring 
is also possible. 


The VITAL* CHECK Monitor operates on the 
auscultatory principle, with the oscillometric 
method as a back-up. The instrument is small, 
portable, easy to set up and operate...ideal for 
the OR or ICU environment. For more details, 
contact your IVAC consultant. Or call the 
toll-free number below. 


Call toll-free 800-482-IVAC 





New 
from IVAC 


VITAL: CHECK 


Vital Signs Monitor-Model 160 
AA od son Dego CA 921211679 


eee zaai nE Call toll-free: 800-482-IVAC 








THE 


ANXIETY OF 
INDUCTION 


CALM THE APPREHENSION 
WITHIN MINUTES WITH INJECTABLE 
VALIUM (diazepam/Roche) LV. 


You've seen the signs of anxiety hundreds of times. Palpi- 
tations. Tremulousness. Diaphoresis. Hyperventilation. 
Ordinary patients about to undergo an extraordinary 
ordeal: the physical and emotional traumas of neuro- 
muscular blockade, anesthesia and surgery. 

When you administer an antianxiety agent to these 
patients just before the procedure, you want a prompt, 
predictable anxiolytic response. And that is exactly 
what you achieve with Injectable Valium (diazepam/ 
Roche) LV. 

Usually within three minutes, patients grow notice- 
ably calmer after an intravenous injection of Valium.!2 
In most instances the patient falls into a light sleep, 

yet can still be easily aroused to respond to your 
instructions. This allows you to proceed directly with 
intubation, neuromuscular blockade and/or anesthesia. 
Other anxiolytics lack the rapid action of Injectable 
Valium IV., and may take up to 20 minutes or more to 
produce adequate sedation—a long time to wait 
before beginning the procedure. The rapid sedative 
action of Injectable Valium IV. gives you the control 
you need in the critical minutes before intubation. 
Dosages of concomitantly administered narcotic anal- 
gesics should be reduced by at least one-third and 
administered in small increments. In some cases, the 
use of a narcotic may not be necessary. 


Ready to use—needs no reconstitution or refrigera- 
tion In further contrast to other injectable anxiolytics, 
which may require dilution before being used, Injectable 
Valium IV. needs no reconstitution. Do not mix or 
dilute Valium with other drugs or solutions in syringe or 
infusion flask; administer slowly directly into a large 
vein, or inject slowly through the infusion tubing as close 
as possible to the vein insertion site. Take at least one 
minute for each 5 mg (1 ml). 

During storage, there is no need to refrigerate 
Injectable Valium—another advantage over other 
injectable agents. 


DIMINISH RECALL OF THE PROCEDURE 
WITH INJECTABLE VALIUM (diazepam/Roche) I.V. 


Recall of endotracheal intubation or other psychologi- 
cally disturbing events associated with anesthetic induc- 
tion and surgery can be largely prevented with 
Injectable Valium LV. 





A survey of the literature shows that 2586 of 2707 
patients (95% ) had partial or total lack of recall when 
Injectable Valium (diazepam/Roche) IV. was 

given as premedication for procedures in cardiac 

and plastic surgery, fracture reductions, gynecologic 
surgery, oral surgery and ophthalmic surgery.’ 

The anterograde amnesia produced after an 
intravenous injection of Valium usually begins to take 
effect within three minutes, peaks within 10 minutes and 
persists for 20 to 60 minutes.?47 


Minimal effect on cardiac and respiratory function 
A review of published reports involving more than 
12,000 patients administered Injectable Valium—includ- 
ing patients with coronary artery disease—shows that 
clinically significant blood pressure changes, alterations 
in basal circulatory parameters or increased incidence 
of hypotension, tachycardia or bradycardia are rare 
when recommended procedures for dosage and 
administration are followed. Clinically significant respi- 
ratory depression is also rare with Injectable Valium LV. 
in subjects without respiratory disease (0.3% incidence 
in more than 12,000 patients).° 

Facilities for respiratory assistance, however should 

be readily available. When administering Injectable 
Valium IV. to the elderly, to very ill patients or to patients 
with limited pulmonary reserve, lower doses (usually 

2 mg to 5 mg) and slow increase in dosage should be 
used because of the possibility that apnea and/or car- 
diac arrest may occur. Concomitant use of barbiturates 
or other CNS depressants increases depression with 
increased risk of apnea. As with most CNS-acting drugs, 
patients should be cautioned against drinking alcohol 
or operating hazardous machinery. 

So when anxiety mounts in the face of induction, choose 
the LV. agent with a rapid, predictable anxiolyic effect... 





RAPIDLY AND 
PREDICTABLY 
CALMED WITH 


INJECTABLE 
VALIUM LV 


(diazepam /Roche) W 


Ready-to-use, 2-ml Tel-E-Ject® disposable syringes 
2-ml ampuls, 10-ml vials 9 mg/ml 











See next page for references and summary of product information. 
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INJECTABLE VALIUM Giazepam/ Roche) (V 


Please consult complete product information, a summary of which 
follows: 

Indications: Management of anxiety disorders, or short-term relief of symp- 
toms of anxiety. Anxiety or tension associated with the stress of everyday life 
usually does not require treatment with an anxiolytic. Symptomatic relief of 
acute agilation, tremor, impending or acute delirium trernens and hajlucinosis 
due to acute alcoho! withdrawal: adjunctively in. relief of skeletal muscle 
spasm due to reflex spasm to local pathology, spasticity caused by upper 
motor neuron disorders: athetosis, stiff-man syndrome, tetanus, status epilep- 
ticus, severe recurrent seizures: adjunctively in anxiety. tension or acute 
Stress reactions prior to endoscopic/surgical procedures, cardioversion 
Contraindications: Hypersensitivity, acute narrow angie glaucoma: may be 
used in patients with open angie glaucoma receiving appropriate therapy 
Warnings: /o reduce the possibility of venous thrombosis, phlebitis, focal 
intation, Swelling. and, rarely, vascular impairment when used IV. inject 
Slowly, faking at least one minute for each 5 mg {1 mi) given; do not use small 
veins, .@. dorsum of hand or wrist, use extreme Care to avoid intra-arterial 
administration or extravasation. Do not mix or dilute Valium with other solu 
tions of drugs in syringe or infusion fask. If itis not feasible to administer 
Valium cirectly iV, it may be injected slowly through the infusion tubing as 
ciose as possible to the vein insertion. 

Administer with extreme care to elderly, very ill, those with limited pulmonary 
reserve because of possibility of apnea and/or cardiac arrest, concomitant 
use of barbiturates, alcohol or other CNS depressants increases depression 
with increased risk of apnea, have resuscitative facilities available. When 
used with narcotic anaigesic, eliminate or reduce narcotic dosage at least '⁄, 
administer in small increments. Should not be administered to patients in 
shock, coma. acute alcoholic intoxication with depression of vital signs As 
with most CNS-acting drugs, caution agains! hazardous occupations requir- 
ing complete mental alertness (6.g., operating machinery, driving} 

Has precipitated tonic status epilepticus in patients treated for petit mal sta- 
tus or petit mal variant status 

Withdrawal symptoms similar to those with barbiturates and alcohol have 


been observed with abrupt discontinuation after long use of excessive doses. 


infrequently, milder withdrawal symptoms have been reported following 
abrupt discontinuation of benzodiazepines after long, continuous use at high 
therapeutic levels. After extended therapy. gradually taper dosage. 
Usage in Pregnancy: Use of minor tranquilizers during first trimes- 
ter should almost always be avoided because of increased risk of 
congenital malformations, as suggested in several studies. Con- 
sider possibility of pregnancy when instituting therapy; advise 
patients to discuss therapy if they intend to or do become 
pregnant. 
Not recommended tor OB use. 
Efhcacysafety not established in neonates (age 30 days or less): prolonged 
CNS depression observed. In children, give slowly (up to 0.25 mg/kg over 3 
minutes) to avoid apnea or prolonged somnolence; can be repeated after 15 
to 30 minutes. If no relief after third administration, appropriate adjunctive 
therapy is recommended. 
Precautions: Although promptly controlled, seizures may return: re-adminis- 
ter if necessary, not recommended for long-term maintenance therapy 
if combined with other psychotropics or anticonvulsants, carefully consider 
individual pharmacologic effects—particularly with known compounds which 
may potentiate action of Valium (diazepam/Roche). 1e., phenothiazines, nar- 
cotics, barbiturates, MAO inhibitors, antidepressants. Protective measures 
indicated in highly anxious patients with accompanying depression who may 
Rave suicidal tendencies. Observe usual precautions in impaired hepatic 
function. avoid accumulation in patients with compromised kidney function. 
Laryngospasm/increased cough reflex are possible during peroral endo- 
scopic procedures, use topical anesthetic, have necessary countermeasures 
available. Hypotension or muscular weakness possible, particularly when 
used with narcotics, barbiturates or alcoho! Use lower doses (2 to 5 mg) for 
elderlydebiitated. 
The clearance of Valium and certain other benzodiazepines can be delayed 
in association with Tagamet (cimetidine) administration. The clinical signifi- 
cance of this is unclear 
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Adverse Reactions: Drowsiness, fatigue, ataxia. venous thrombosis/phiebitis 
al injection site, confusion, depression, dysarthria, headache, hypoactivity, 
slurred speech, syncope, tremor, vertigo. constipation, nausea. incontinence. 
changes in libido. urinary retention, bradycardia, cardiovascular collapse, 
hypotension, biurred vision, diplopia. nystagmus, urticaria, skin rash, hic- 
cups, Changes in salivation, neutropenia, jaundice. Paradoxical reactions 
such as acute hyperexcited states, anxiety. hallucinations, increased muscle 
spasticity, insomnia, rage, sleep disturbances, stimulation have been 
reported, should these occur, discontinue drug. Cough, depressed respira- 
ton, dyspnea, hyperventilation, laryngospasmypain in throat and chest have 
been reported in peroral endoscopic procedures. Isolated reports of neutro- 
penia, jaundice: periodic blood counts, tiver function tests advisable during 
iong-term therapy Minor EEG changes. usually low-voltage fast activity, of no 
KNOWN significance 


Dosage: Usual initial dose in older children and adults is 2 to 20 mg I.M. or 
IV. depending on indication and severity Larger doses may be required in 
some conditions (tetanus). In acute conditions injection may be repeated 
within 1 hour although interval of 3 to 4 hours is usually satisfactory. Lower 
doses (usually 2 to 5 mg) with slow dosage increase for elderly or debilitated 
patients and when sedative drugs are added (See Warnings and Adverse 
Reactions ) 

For dosages in infants and children see below, have resuscitative facilities 
available 

LM. use: by deep injection into the muscle. 

iV use inject slowly, take at feast one minute for each 5 mg (1 mi) given. Do 
nol use small veins, Le., dorsum of hand of wrist. Use extreme care to avoid 
intra-arterial administration or extravasation. Do not mix or dilute Valium with 
other solutions of drugs in syringe or infusion flask. If itis not feasible to 
administer Valium directly LV., it may be injected slowly through the infusion 
fubing as close as possible to the vein insertion. 

Moderate anxiety disorders and symptoms of anxiety, 2 to 5 mg iM. or LV 
and severe anxiety disorders and symptoms of anxiety, 5 to 10 mg LM. or LV. 
repeat in 3 to 4 hours if necessary; acute alcoho! withdrawal, 10 mg LM. or 
iV initially, then 5 to 10 mg in 3 to 4 hours if necessary. Muscle spasm, in 
aduits. 5 to 10 mg LM. or LV. initially, then 5 to 10 mg in 3 to 4 hours if 
necessary (tetanus may require larger doses), in children, administer LV 
Slowly. for tetanus in infants over 30 days of age. 1 to 2 mg LM. or LV., repeat 
every 3 to 4 hours if necessary. in children 5 years or older, 5 to 10 mg 
repeated every 3 to 4 hours as needed. Respiratory assistance should be 
availabie 

Status epilepticus, severe recurrent convulsive seizures (LV. route preferred), 
>to 10 mg adult dose administered slowly, repeat at 10- to 15-minute intervals 
up to 30 mg maximum. Repeat in 2 to 4 hours if necessary Keeping in mind 
possibility of residual active metabolites. Use caution in presence of chronic 
ung disease or unstable cardiovascular status. Infants (over 30 days) and 
children (under 5 years). 0.2 to 0.5 mg slowly every 2 to 5 min, up to 5 mq 
(LV preferred) Children 5 years plus. 1 mg every 2 to $ min., up to 10 mg 
(slow LV preferred). repeat in 2 to 4 hours if needed. EEG monitoring may be 
helpful. 

in endoscopic procedures, titrate LV dosage to desired sedative response, 
generaily 10 mg or iess but up to 20 mg (if narcotics are omitted) immediately 
prior to procedure, if LV. cannot be used, 5 to 10 mg ILM. approximately 30 
minutes prior to procedure. As preoperative medication, 10 mg LM., in car 
dioversion, 5 to 15 mg LV. within 5 to 10 minutes prior to procedure. Once 
acute symptomatology has been properly controlled with injectable form, 
patient may be placed on oral form if further treatment is required. 


Management of Overdosage: Manifestations include somnolence, contu- 
sion, coma, diminished reflexes. Monitor respiration, pulse, blood pressure. 
empioy general supportive measures, LV fiuids, adequate airway. Hypoten- 
sion may be combated by the use of levarterenol or metaramino!. Dialysis is 
of imited value. 

Supplied: Ampuis, 2 mi. boxes of 10: Vials. 10 ml, boxes of 1. Tel-E-Ject® 
(disposable syringes), 2 mi, boxes of 10. Each mi contains 5 mg diazepam 
compounded with 40% propylene glycol, 10% ethy! alcohol, 5% sodium ben- 
zoate and benzoic acid as buffers, and 1.5% benzyl alcoho! as preservative. 
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The Reinforced Tracheal Tube was 
developed to reduce the risk of occlusion 
due to kinking and compression. 


The tube is used to provide a patient airway 
when the anesthesiologist must work at 
some distance from the surgical field 
durina. head and neck procedures and when 
t =2zient’s position increases the risk of 
Kinining a tube that is not reinforced* 

The tube is made of high quality poly- 

v~. chloride (PVC), which is extruded to 

a uniform thickness with the full-length 
reinforcing wire inside. This material and 
method of construction solve many of the 
problems associated with dipped latex 
anode tubes and provide a number of 
important advantages. 


The soft, flexible tube, smooth bevelled tip 
and high volume, low pressure cuff work 
together to reduce possible mucosal trauma 
during intubation and in use. Reference 
depth marks 2 and 4 cm above the cuff 
facilitate proper tip replacement. Tight 
sealing of the reinforcing wire against the 
connector lowers the potential for kinking 
even at this “high-risk” junction. 

For more information about the advantages 
of extruded PVC reinforced tubes—and a 
free sample—write or call NCC. 

See package insert prior to use. 


FOR MORE INFORMATION 
Call 800-833-8842 and 
ask for Sandy Mcintosh. 


NCC Division 
Mallinckrodt, Inc. 
230 Dix Avenue 


malinene 


Glens Falls, New York 12801 


Reinforcing wire is permanently 
sealed against the connector for 
added resistance to kinking. 

Low pressure, high volume cuff 
drapes lightly on trachea to reduce 
mucosal trauma, creates a seal with 
no distention and less danger of 
eccentric dilation. 

The short tip has no excess material 
to fold over and occlude lumen, 
smooth bevel helps prevent mucosal 
trauma. 

Standard Magill curve for easier 
intubation. 

Single-use convenience—no 
chance of ethylene oxide permea- 
tion during resterilization to cause 
blistering or separation of layers. 


CALL OR WRITE FOR FREE SAMPLE. 
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CLINICAL PHARMACOLOGY 
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Gas in the O.R. is dangerous to you 


During intubation, up to 40 liters of gas es- 
capes into the O.R. This gas is a suspected 
etiology of liver and kidney disease, 
genetic defects, spontaneous abortion, and 
neurological disorders. AneSTOP prevents 
exposure to this hazard. 


AneSTOP® is an inexpensive, disposable 
` check valve that replaces the 90° elbow on 
the anesthetic delivery tube. When Ane- 
STOP® is disconnected from the mask or 
endotracheal tube, the flow of gas immedi- 
ately ceases. Gas flow instantly resumes 
when either fitting is reattached. Ane- 


STOP® is compatible with most anesthetic 
machines and does not require any atten- 
tion on the part of the anesthesiologist. 


Air monitoring systems can only alert you 
to hazardous levels of gas. High volume 
ventilation systems can’t prevent gas con- 
centrations at the level of the table. Only 
AneSTOP® completely eliminates the 
problem at its source. Call (800) 233-5400 
for more information or to arrange a dem- 
onstration of how AneSTOP® can prevent 
the dangers of long term gas exposure. 


Protect yourself with AneSTOP® 


Hea thMate- YOUR SOURCE FOR MEDICAL TECHNOLOGY 


HealthMate, Inc. 3000 Dundee Road Northbrook, IL 60062 


(800) 233-5400 In Illinois (312) 564-5400 
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premedication with 
Ativan’ (lorazepam) 
Injection IM or IV 

wy effectively reduces 

|| PJ recall of events 

wy surrounding surgery 






è Allays preoperative apprehension 

@ Leaves patients calm but cooperative 
® Causes little, if any, IV irritation 
@ Rated “highly acceptable” 


by most patients in clinical studies 


Surgical procedures are perceived as frightening or 
unpleasant by most patients. It given the Opportunity, many 
would rather not remember any thing about the ordeal. 


Ativan" Injection can help. Administered as recommended, 
Ativan Injection helps sedate the patient, relieves presurgical 
anxiety and diminishes recall of events surrounding surgery. 


The dosage of Ativan Injection should be individualized for each 
patient. For those patients in whom a lack of recall and excellent 
sedation are desired, doses of 0.05 mg/kg up to a maximum 

of + mg should be administered. For patients in whom a lack of 
recall is not desired, as well as for the elderly or debilitated, the 
dose of Ativan Injection should be reduced. 

Wyeth Laboratories 


See important information on following page. Philadelphia, PA 
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ATIVAN (LORAZEPAM) Œ 





DESCRIPTION: Ativan” (lorazepam) injection, a benzodiazepine with antianxiety and sedative effects, is intended 
for IM or WV use. it has the chemical formula 7-chioro-5-(o-chiorophenyi)-1,3-dihydro-3-hydroxy-2H-1,4-benzo- 
diazepin-2-one. 

Lorazepam is a nearly white powder almost insoluble in water. Each mi of sterile injection contains either 2.0 or 
4.0 mg lorazepam, 0.18 mi polyethylene glycol 400 in propylene glycol with 2.0% benzyl alcohol as preservative. 


CLINICAL PHARMACOLOGY: IV or IM administration of recommended dose of 2-4 mg lorazepam injection to 
adult patients is followed by dose related effects of sedation (sleepiness or drowsiness), relief of preoperative anxi- 
ety and lack of recall of events related to day of surgery in most patients. The clinical sedation (sleepiness or 
drowsiness} thus noted is such that most patients are able fo respond to sunple instructions whether they give 
appearance of being awake or asleep. Lack of recall is relative rather than absolute, as determined under condi- 
tions of careful patient questioning and testing, using props designed to enhance recall. Most patients under these 
reinforced conditions had difficulty recalling perioperative events. or recognizing props from before surgery. Lack 
of recall and recognition was optimum within 2 hours after IM and 15-20 minutes after IV injection. 

intended effects of recommended adult dose of lorazepam injection usually tast 6-8 hours. in rare instances and 
where patients received greater than recommended dose, excessive sleepiness and protonged jack of recall were 
noted. As with other benzodiazepines, unsteadiness, enhanced sensitivity to CNS depressant effects of ethyl alco- 
hol and other drugs were noted in isolated and rare cases for greater than 24 hours. 

Studies in healthy adult volunteers reveal that iV lorazepam in doses up to 3.5 mg/70 kg does not alter sensitiv- 
ity to respiratory stimulating effect of carbon dioxide and does not enhance respiratory depressant effects of doses 
of meperidine up to 100 mg/70 kg {aiso determined by carbon dioxide challenge) as long as patients remain suffi- 
ciently awake to undergo testing. Upper airway obstruction was observed in rare instances where the patient 
received greater than recommended dose, and was excessively sleepy and difficult to arouse. (See WARNINGS and 
ADVERSE REACTIONS } 

Clinically employed doses of lorazepam injectable do not greatly affect the circulatory system in the supine posi- 
tion or employing a 70 degree tilt test. Doses of 8-10 mg of IV lorazepam (2 to 2.5 times maximum recommended 
dosage} will produce loss of lid reflexes within 15 minutes. 

Studies in six (6} healthy young adults who received lorazepam injection and no other drugs revealed that visual 
tracking (the ability to keep a moving line centered) was impaired for a mean of eight (8) hours following 4 mg IM 
lorazepam and four (4) hours following 2 mg IM with considerable subject variation. Similar findings were noted 
with pentobarbital 150 and 75 mo, Although this study showed both lorazepam and pentobarbital interfered with 
eye-hand coordination, data are insufficient to predict when it would be safe to operate a motor vehicle or engage in 
hazardous occupation or sport. 

INDICATIONS AND USAGE: in adults —for preanesthetic medication, producing sedation (sleepiness or drowsi- 
ness), relief of anxiety, and decreased ability to recall events related to day of surgery. Mast useful in patients anx- 
ous about surgical procedure who prefer diminished recall of events of day of surgery. 

CONTRAINDICATIONS: Known sensitivity to benzadiazepines or vehicle (polyethylene glycol, propylene glycol, 
and benzyl alcohol) or acute narrow angie glaucoma. intra-arterial injection 1s contraindicated because, as with 
other injectable benzodiazepines, inadvertent intra-arterial injection may produce arteriospasm resulting in gan- 
grene which may require amputation. (See Warnings) 

WARNINGS: PRIOR TO IV USE, LORAZEPAM SHOULD BE DILUTED WITH EQUAL AMOUNT OF COMPATIBLE DILUENT 
(SEE DOSAGE AND ADMINISTRATION}. IV INJECTION SHOULD BE MADE SLOWLY AND WITH REPEATED ASPIRATION. 
CAREFULLY DETERMINE THAT INJECTION WILL NOT BE INTRA-ARTERIAL AND PERIVASCULAR EXTRAVASATION 
WILL NOT OCCUR. PARTIAL AIRWAY OBSTRUCTION MAY OCCUR IN HEAVILY SEDATED PATIENTS. IV LORAZEPAM, 
GIVEN ALONE IN GREATER THAN RECOMMENDED DOSE, OR AT RECOMMENDED BOSE AND ACCOMPANIED BY 
OTHER DRUGS USED DURING ANESTHESIA, MAY PRODUCE HEAVY SEDATION: THEREFORE. EQUIPMENT TO MAIN- 
TAIN PATENT AIRWAY AND SUPPORT RESPIRATION AND VENTILATION SHOULD BE AVAILABLE 


No evidence now supports lorazepam injection in coma, shock or acute alcohol intoxication. Since the liver is the 
most likely site of conjugation and since excretion of conjugated lorazepam (gtucuronide), is renal. lorazepam is not 
recommended in hepatic and/or renal failure. This does not preclude its use in patients with miid to moder ate hepa- 
tic or renal disease. When injectable lorazepam is used in mild to moderate hepatic or renal disease, consider 
lowest effective dose since drug effect may be prolonged. Experience with other benzodiazepines and limited expe- 
rience with parenteral lorazepam demonstrated that tolerance te concomitant alcohol and other CNS depressants 
is Giminished. As with similar CNS-acting drugs. patients receiving injectable lorazepam should not operate 
machmery or motor vehicles or engage in hazardous occupations for 24 to 48 hours. impairment of performance 
may persist for greater intervals because of extremes of age. other concomitant drugs, stress af surgery or general 
condition af patient. Clinical trials showed patients over 50 may have more profound and prolonged sedation with 
lV use. Ordinarily an initial dose of 2 mg may be adequate. uniess greater degree of lack of recall is desired. As with 
all ONS depressants. exercise care in patients given injectable lorazepam since premature ambulation may result 
in injury from falling. There is no added beneficial effect from adding scopolamine to injectable ierazepam: their 
combined effect may result in increased incidence of sedation, hallucination and irrational behavior. 

Pregnancy: LORAZEPAM GIVEN TO PREGNANT WOMEN MAY CAUSE FETAL DAMAGE. Increased risk of congenital 
malformations with use of minor tranquilizers (chiordiazepoxide, diazepam. meprobamate) during first trimester of 
pregnancy was suggested in several studies. In humans, blood levels from umbilical cord blood indicate placental 
transfer of lorazepam and its glucuronide. Lorazepam injection should not be used during pregnancy because of 
insufficient data on obstetrical safety, including its use in cesarean section. Reproductive studies performed in 
mice, rats, and two strains of rabbits showed occasional anomalies (reduction of tarsais, tibia, metatarsals, malro- 
tated limbs. gastroschisis, malformed skull and microphthaimia} in drug-treated rabbits without relationship to 
dosage. Although aii these anomalies were not present in concurrent control group, they have been reported to 
occur randomly in historical controls. At doses of 40 mg/kg p.o. or 4 mg/kg IV and higher, there was evidence of 
fetal resorption and increased fetal loss in rabbits which was not seen at lower doses. 

Endoscopic Procedures: There are insufficient data to support lorazepam injection for outpatient endoscopic 
procedures. inpatient endoscopic procedures require adequate recovery room observations. Pharyngeal reflexes 
are not impaired when lorazepam injection is used for per-oral endoscopic procedures, therefore adequate topical 
or regional anesthesia ts recommended to minimize reflex activity associated with such procedures 


PRECAUTIONS: General: Bear in mind additive CNS effects of other drugs, e.g. phenothiazines, narcotic analge- 
ics, barbiturates, antidepressants, scopolamine and MAO inhibitors when these drugs are used concomitantly 
with or during period of recovery from lorazepam injection. (See CLINICAL PHARMACOLOGY and WARNINGS.) Use 
extreme care in giving lorazepam injection to elderly or very ili patients, or those with limited pulmonary reserve, 
because of possible underventilation and/or hypoxic cardiac arrest, Resuscitative equipment for ventilatory sup- 
part should be readily available. (See WARNINGS and DOSAGE and ADMINISTRATION.) When lorazepam is used IV 
as prernedicant prior to regional or local anesthesia, excessive sleepiness or drowsiness may possibly interfere 
with patient cooperation to determine anesthesia levels. This is most likely when more than 0.05 mg/kg is given 
and narcotic analgesics are used concomitantly with the recommended dose. (See ADVERSE REACTIONS.) 
Information for Patients: As appropriate, inform patients of pharmacological effects. e.g. sedation. relief of 
anxiety and lack of recall, and duration of these effects (about 8 hours), so they may adequately perceive risks as 
well as benefits from its use. Caution patients who receive lorazepam injection as premedicant that driving auto- 
mobiles or operating hazardous machinery, or engaging in hazardous sports should be delayed for 24 to 48 hours 
after injection. Sedatives, tranquilizers, and narcotic analgesics given with injectable lorazepam may produce 
more prolonged and profound effect. taking the form of excessive sleepiness or drowsiness. and rarely interfering 
with recall and recognition of events of day of surgery and the day after Getting out of bed unassisted may result in 
falling and injury if undertaken within 8 hours of receiving lorazepam injection. Alcoholic beverages shou'd not be 
used for at feast 24 to 48 hours after lorazepam injection due ta additive effects on CNS depression seen with ben- 
zodiazepines in general. Elderly patients should be told lorazepam injection may make them very sleepy for longer 
than 6 to 8 hours after surgery. 


Laboratory Tests: in clinical triais no laboratory test abnormalities were identified with single or multiple doses 
of lorazepam injection. Tests included: CBC, urinalysis, SGOT, SGPT, bilirubin. alkaline phosphatase, LDH. choles- 
terol, uric acid, BUN, glucose, calcium, phosphorus and total proteins. 

Drug interactions: Lorazepam injection, like other injectable benzodiazepines, produces CNS depression when 
given with ethy! alcohol. phenothiazines, barbiturates. MAO inhibitors and other antidepressants. When scopola- 
mine s used concomitantly with injectable lorazepam increased incidence of sedation, hallucinations and irrational 
behavior was observed. 

Drug/ Laboratory Test Interactions: No laboratory test abnormalities were identified when lorazepam was 
given alone or concomitantly with another drug, e.g. narcotic analgesics, inhalation anesthetics. scopolamine, 
atropine, and various tranquilizing agents. 


INJECTION M oN 


Carcinogenesis, Mutagenesis, impairment of Fertility: No evidence of carcinogenic potential emerged in 
rats and mice during an 38-month study with oral lorazepam. No studies regarding mutagenesis have been per- 
formed. Pre-imp.antation study in rats. performed with orai lorazepam at a 20 mg/kg dose. showed no impairment 
of fertility. 

Pregnancy: Pregnancy Category D. See WARNINGS section. 

Labor and Delivery: There are insufficient data tor lorazepam injection in labor and delivery, including cesarean 
section, therefore, this use is not recommended. 

Nursing Mothers: Do not give injectable lorazepam to nursing mothers, because like other benzodiazepines, 
lorazepam may possibly be excreted in human milk and sedate the infant. 

Pediatric Use: There are insufficient data to support efficacy or make dosage recommendations for injectable 
lorazepam in patients under 18 years: therefore, such use is not recommended. 

ADVERSE REACTIONS: CMS: Most frequent adverse effects with injectable lorazepam are extensions of drug's 
CNS depressant effects. Incidence varied from one study to another, depending on dosage. route, use of other CNS 
depressants, and investigator s opinion concerning degree and duration of desired sedation. Excessive sleepiness 
and drowsiness were main side effects. This interfered with patient cooperation in about 6% (25/446) of patients 
undergoing regional anesthesia in that they were unabie to assess levels of anesthesia in regional blocks or with 
caudal anesthesia. Patients over 50 years had higher incidence of excessive sleepiness or drowsiness compared 
with those under 50 (21/106 vs 24/245) when lorazepam was given IV (see DOSAGE and ADMINISTRATION}. On rare 
occasion (3/1580) patient was unable to give personal identification on arrival in operating room, and one patient 
feli when attempting premature ambulation in postoperative period. Symptoms such as restiessness, contusion, 
depression, crying, sobbing, and delirium occurred in about 1.3% (20/1580). One patient injured himself postopera- 
tively by picking at his incision. Hallucinations were present in about 1% (14/1580) of patients, and were visual and 
sell-limiting. An occasional patient complained of dizziness, diplopia and/or blurred vision. Depressed hearing was 
infrequently reported during peak effect period. An occasional patient had prolonged recovery room stay, because 
of excessive Sleepiness or some torm of inappropriate behavior (latter seen most commonly when scopolamine 
given concomitantly as premedicant). Limited information from patients discharged day after receiving injectable 
lorazepam showed one patient complained of some unsteadiness of gait and reduced ability to perform complex 
mental functions. Enhanced sensitivity to alcoholic beverages was reported more than 24 hours after injectable 
lorazepam, similar to experience with other benzodiazepines. 


Local Effects: iM lorazepam resulted in pain at injection site, a sensation of burning, or observed redness in the 
same area in a very variable incidence from one study to another. Overall incidence of pain and burning was about 
1755 (146/859) in immediate postinection period, and about 1.4% (12/859) at 24-hour observation time. Reactions 
al mjpection site (redness) occurred in about 2% (17/859) in immediate postinjection period, and were present 24 
hours later ii about 0.8% (7/859. IV lorazepam resulted in pain in 13/771 patients or about 1.6% immediately post- 
injecton and 24 hours later 4/771 patients or about 0.5% stil complained of pain. Redness did not occur immedi- 
ately post iV but was noted in 19/771 patients at 24-hour period {incidence is similar to that observed with IV 
ntusion betore lorazepam was given). 

Cardiovascular System: Hypertension (0.1%) and hypotension (0.1%) were occasionally observed after patients 
received injectable lorazepam. 

Respiratory System: Five patients (5/446) who underwent regional anesthesia were observed to have partial 
airway obstruction. This was believed due to excessive sleepiness at time of procedure, and resulted in temporary 
underventiation. Immediate attention to the airway. employing usual countermeasures. will usually suffice to man- 
age this (see also CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS). 

Other Adverse Experiences: Skin rash, nausea and vomiting were occasionally noted in patients whe received 
mectable lorazepam with other drugs during anesthesia and surgery 

ORUG ABUSE AND DEPENDENCE: As with other benzodiazepines, lorazepam injection has a low potential tor 
abuse and may lead to limited dependence. Although there are no such clinical data for injectable lorazepam, 
repeated doses over prolonged period of time may result in limited physical and psychological dependence. 
OVERDOSAGE: Overdosage of benzodiazepines is usually manifested by varying degrees of CNS depression rang- 
ing from drowsiness to coma. In mild cases symptoms include drowsiness, mental confusion and lethargy: in more 
seninus cases ataxia, hypotonia. hypotension, hypnosis, stages ene to three coma, and very rarely death. Treat- 
ment of overdosage is mainly supportive unt! drug is eliminated. Carefully monitor vital signs and fluid balance. 
Maintain adequate airway and assist respiration as needed. With normally functioning kidneys. torced diuresis 
with intravenous fluids and electrolytes may accelerate elimination of benzodiazepines. in addition, osmotic diu- 
relics such as mannitol may de effective as adjunctive measures. in more critical situations, renal dialysis and 
exchange blood transfusions may be indicated. Published reports indicate that IV infusion of 0.5 to 4 mg physostig- 
mine at fate of Tmg/ minute may reverse symptoms and signs suggestive of central anticholinergic overdose (con- 
fusion, memory disturbance, visual disturbances, hallucinations, delirium): however, hazards associated with 
physostigmine (1.€., induction of seizures} should be weighed against possible clinica! benefit. 

DOSAGE AND ADMINISTRATION: Parenteral drug products should be inspected visually for particulate matter 
and discoloration prior te administration whenever solution and container permit. Do not use if solution is discol- 
oreda contains a precipitate 

intramuscular injection: For designated indications as premedicant. usual IM dose of lorazepam is 0.05 mg/kg 
up te maximum of 4 mg. As with all premedicants, individuatize dose. (See also CLINICAL PHARMACOLOGY, WARN- 
INGS, PRECAUTIONS, and ADVERSE REACTIONS } Doses of other CNS depressants should ordinarily be reduced. 
iSee PRECAUTIONS.) For optimum effect measured as lack of recall administer lorazepam IM a! least 2 hours 
before anticipated operative procedure. Administer narcotic analgesics at usual preoperative time. There are 
insufficient efficacy data to make dosage recommendations for IM lorazepam in patients under 18 years: therefore, 
such use i nat recommended. 

Intravenous Injection: For the primary purpose of sedation and relief of anxiety, usual recommended initial IV 
dose of lorazepam is 2 mg total. or 0.02 ma/ ib (0.044 mg-kg), whichever is smaller. This dose will suffice for sedat- 
ing Most adults, and should not ordinarily be exceeded in patients over 50 years. in patients in whom greater likeli- 
hood of lack at recall for perioperative events would be beneficial. larger doses —as high as 0.05 mg/kg up to total 
of 4 mg~—may be given. (See CLINICAL PHARMACOLOGY, WARNINGS, PRECAUTIONS. and ADVERSE REACTIONS.) 
Doses of other injectable CNS depressants should ordinarily be reduced. (See PRECAUTIONS |} Far optimum effect 
measured as lack of recall ÍV lorazepam should be administered 15-20 minutes before anticipated cperative pro- 
cedure. EQUIPMENT NECESSARY TO MAINTAIN A PATENT AIRWAY SHOULD BE IMMEDIATELY AVAILABLE PRIOR TO 
fy USE OF LORAZEPAM (see WARNINGS). There are insufficient efficacy data to make dosage recommendations for 
f¥ lorazepam in patients under 18 years: therefore, such use is not recommended. 

Administration: When given IM, lorazepam injection, undiluted, shouid be injected deep in muscle mass. inject- 
able lorazepam can be used with atropine sulfate, narcotic analgesics, other parenterally used analgesics, com- 
monly used anesthetics, and muscie relaxants. immediately prior to iV use, lorazepam injection must be diluted 
with an equal volume of compatible solution. When properly diluted the drug may be injected directly into a vein or 
into the tubing of an existing IV infusion. Rate of injection should not exceed 2.0 mg per minute. Lorazepam injection 
is compatible for dilution purposes with: Sterile Water for Injection, USP. Sodium Chioride injection, USP. 5% Dex- 
trose Injection, USP 

HOW SUPPLIED: Ativan“ (lorazepam) injection, Wyeth. is available in multiple-dase vials and in TUBEX® Sterile 
Cartridge-Needie Units. 

2 mg/m, NDC 0008-0581. 10 mi vial and Imi fiH in 2 mt TUBEX, 

å mg/ml, NOC 0008-0570: 10 mi vial and 1m fill in 2 mi TUBEX. 

For iM or IV injection. 

Protect fram fight. Keep in refrigerator. 

Directions for Dilution for IV Use: To ditute, adhere to following procedure: For TUBEX —(1} Extrude entire 
amount of air in halt-filted TUBEX. (2) Slowly aspirate desired volume of diluent. (3) Pull back slightly on plunger to 
provide additional mixing space. (4) Immediately mix contents thoroughly by gently inverting TUBEX repeatedly 
unti homogenous solution results. Do not shake vigorously, as this will result in air entrapment. For Vial~Aspirate 
desired amount of lorazepam injection into syringe. Then proceed as described under TUBEX. 


Wyeth Laboratories 


| l p PA 19101 
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Invest In An Anesthesia System 
That Is Growing With Your Needs... 








ET CO9 Monitor. . .with rapid Lire-Lyte’ Electrolyte 


response time and adjustable Analyzer. . .to provide 
high-low alarm to help monitor immediate analysis of 
ventilatory efficiency ionized calcium and 


potassium in the O.R. 


Iinfrasonde’ D4000... 
to provide continuous 
non-invasive blood 


pressure monitoring i COI LLELLE 
; pin autism Seezoaogs 
and recording , ”~ spogoes 





ECAV™*. . . built-in Anesthesia Ventilator to provide 
accurate time cycled, electronically controlled venti- 
lation of both adult and pediatric patients. 





Model 224A Cardiac Monitor 
. . -tO provide accurate ECG/ 
Heart Rate, Temperature and 
Pulse Pressure monitoring and 
recording 


The Foregger F500 


In the last 12 months Puritan-Bennett has in- 
creased the monitoring and control potential of 
the F500 with many of the accessories you’ve 
requested. In the coming months, we'll add many 
more. Puritan-Bennett fulfills its commitment to 
offer Foregger customers state of the art anes- 
thesia accessories to help them keep pace with 
the rapidly expanding field of anesthesia and life 
support monitoring. For additional information, 
contact your local Puritan-Bennett/Foregger 
sales representative. 


Puritan-Bennett Corporation 
p>” | FOREGGER Foregger Medical Division 
= MEDICAL DIVISION 835 Wheeler Way 
tpt acs Langhorne, PA 19047 





As part of the preoperative evaluation, 


PAUSE TO CONSIDE 





HE RECORD 
AVULON nisce rean 


pancuronium bromide injection) 


Pavulon was introduced into the United States after four years 
of documented success in Europe. 


Now, after more than a decade, the Pavulon record of superior 
performance, efficacy and safety continues. 


Pavulon has been used successfully in a wide variety of surgical 
procedures involving all patient types—from the neonate to the 
elderly—from the poor risk patient to the good risk patient. In addi- 


tion, Pavulon has proved a valuable adjunct in the management 
of mechanically ventilated patients in intensive care units. 


A Record of Success 


PAVULON 


(pancuronium bromide injection) 


Please see next page for brief summary of prescribing information. 


Organon Pharmaceuticals 
Organon A Division of Organon Inc. 
| West Orange, N.J. 07052 











PAVULON 


BRIEF SUMMARY 
(Please consult package insert for full prescribing information.) 


THIS DRUG SHOULD ONLY BE ADMINISTERED BY 
ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH ITS 
ACTIONS, CHARACTERISTICS, AND HAZARDS. 


ACTIONS: Pavulon is a non-depolarizing neuromuscular block- 
ing agent possessing all of the characteristic pharmacological 
actions of this class of drugs (curariform) on the myoneural 
junction. 

Pavulon (pancuronium bromide) is antagonized by acetylcho- 
line, anticholinesterases, and potassium ion. Its action is 
increased by inhalational anesthetics such as halothane, diethyl 
ether, enflurane and methoxyflurane, as well as quinine, magne- 
sium salts, hypokalemia, some carcinomas, and certain antibiot- 
ics such as neomycin, streptomycin, clindamycin, kanamycin, 
gentamicin and bacitracin. The action of Pavulon may be altered 
by dehydration, electrolyte imbalance, acid-base imbalance, 
renal disease, and concomitant administration of other neuro- 
muscular agents. 


CONTRAINDICATIONS: Pavulon is contraindicated in patients 
known to be hypersensitive to the drug or to the bromide ion. 


WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CARE- 
FULLY ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION 
OF EXPERIENCED CLINICIANS, WHO ARE FAMILIAR WITH ITS 
ACTIONS AND THE POSSIBLE COMPLICATIONS THAT MIGHT 
OCCUR FOLLOWING ITS USE. THE DRUG SHOULD NOT BE 
ADMINISTERED UNLESS FACILITIES FOR INTUBATION, ARTI- 
FICIAL RESPIRATION, OXYGEN THERAPY, AND REVERSAL 
AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN 
MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION. 

In patients who are known to have myasthenia gravis small 
doses of Pavulon may have profound effects. A peripheral nerve 
stimulator is especially valuable in assessing the effects of 
Pavulon in such patients. 
































'nondepolorizin 
muscle relaxant 


USAGE IN PREGNANCY: The safe use of pancuronium bromide 
has not been established with respect to the possible adverse 
effects upon fetal development. Therefore, it should not be used 
in women of childbearing potential and particularly during early 
pregnancy unless in the judgment of the physician the potential 
benefits outweigh the unknown hazards. 

Pavulon may be used in operative obstetrics (Cesarean sec- 
tion), but reversal of pancuronium may be unsatisfactory in 
patients receiving magnesium sulfate for toxemia of pregnancy, 
because magnesium salts enhance neuromuscular blockade. 
Dosage should usually be reduced, as indicated, in such cases. 


PRECAUTIONS: Although Pavulon has been used successfully 
in many patients with pre-existing pulmonary, hepatic, or renal 
disease, caution should be exercised in these situations. This is 
particularly true of renal disease since a major portion of admin- 
istered Pavulon is excreted unchanged in the urine. 


ADVERSE REACTIONS: Neuromuscular: the most frequently 
noted adverse reactions consist primarily of an extension of the 
drug's pharmacological actions beyond the time period needed 
for surgery and anesthesia. This may vary from skeletal muscle 
weakness to profound and prolonged skeletal muscle relaxation 
resulting in respiratory insufficiency or apnea. Inadequate rever- 
Sal of the neuromuscular blockade by anticholinesterase agents 
has also been observed with Pavulon (pancuronium bromide) as 
with all curariform drugs. These adverse reactions are managed 
by manual or mechanical ventilation until recovery is judged 
adequate. 

Cardiovascular: A slight increase in pulse rate is frequently 
noted. 

Gastrointestinal: Salivation is sometimes noted during very 
light anesthesia, especially if no anticholinergic premedication is 
used. 

Skin: An occasional transient rash is noted accompanying the 
use of Pavulon. 

Respiratory: One case of wheezing, responding to deepening 
of the inhalational anesthetic, has been reported. 


DRUG INTERACTION: The intensity of blockade and duration of 
action of Pavulon is increased in patients receiving potent vola- 
tile inhalational anesthetics such as halothane, diethyl ether, 
enflurane and methoxyflurane. 

Prior administration of succinylcholine, such as that used for 
endotracheal intubation, enhances the relaxant effect of Pavulon 
and the duration of action. If succinylcholine is used before 
Pavulon, the administration of Pavulon should be delayed until 
the succinylcholine shows signs of wearing off. 

DOSAGE AND ADMINISTRATION: Pavulon should be adminis- 
tered only by or under the supervision of experienced clinicians. 
DOSAGE MUST BE INDIVIDUALIZED IN EACH CASE. See pack- 
age insert for suggested dosages. 

CAUTION: Federal law prohibits dispensing without prescription. 
HOW SUPPLIED: 

2 ml. ampuls—2 mg./ml.—boxes of 25, NDC = 0052-0444-26 

5ml. ampuls—2 mg./ml.—boxes of 25, NDC = 0052-0444-25 

10 ml. vials—1 mg./ml.—boxes of 25, NDC = 0052-0443-25 


Organon Pharmaceuticals 
Organon A Division of Organon Inc. 
l West Orange, N.J. 07052 


A PART OF Ak ZONO INC 


Oral and Nasal RAE Tracheal Tubes can 
help resolve the conflict between airway 
management and surgical access needs in 
nasal, opthalmic, facial, T & A, oral and 
maxillofacial surgery. 


The tubes feature a molded preformed curve 
where they emerge from the mouth or 
naris, thus allowing the circuit connection 
to rest securely on the patient's chest (oral) 
or forehead (nasal). 


Because there is no need to reposition the 
circuit connection during surgery, the tubes 
help reduce the danger of kinking and sub- 
sequent injury to the patient. And because 
there are no junctions to disconnect at the 
mouth or nose, the potential problems in “low- 
profile” hose arrangements are eliminated. 


Without bulky inconvenient corrugated or 
curved metal connectors, the tubes are 
easier to tape and more likely to stay in place. 
For more information about the advantages 
of preformed curved tubes—and free 
samples of the sterile, disposable, Oral or 
Nasal RAE Tracheal Tubes, cuffed or 
uncuffed—write or call NCC. 


See package insert prior to use. 


FOR MORE INFORMATION 
Cali 800-833-8842 and 
ask for Sandy Mcintosh. 


NCC Division 

Mallinckrodt, Inc. 

230 Dix Avenue 

Glens Falls, New York 12801 


CO Trarhaoaal Tril 


t au 


a Depth marks, preformed curve and tip-to-tip™ 


radiopaque line aid intubation and positioning. 


ə Curve may be temporarily straightened to allow 


easy passage of suction catheters. 


» Circuitry lies flat on patient's forehead or chest, 
exerts less torque than upright or straight tube. 


e Smooth, bevelled tip helps reduce tracheal 


damage. 


e Thermosensitive material conforms to airway 


contours, reducing pressure at points of contact. 
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Introducing a 
new anesthetic technique: 


This new technique— pre-intubation analgesic loading— 
Involves administer] ing enough SUBL IMAZE" (fentanyl) 
prior to intubation to last generally the length of the 
procedure. Pre- intubation upfront loading employs the 
pharmacokinetic properties of SUBLIMAZE' (fentanyl) to 
best advantage compared with p.r.n. use or administration 
of the drug incrementally throughout the procedure. 





For further information and e gener ıl guidelines on pre-intubation an; ilgesic lo ading with SUBLIMAZE (fenti invl). 
ple: ise contact vour Janssen repres sentative or write Janss sen Pharmaceutica 





ml JANSSEN 
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PHARMACEUTICA 


Janssen Pharmaceutica Inc. 1982 


Pre-intubation analgesic 
loading with 


Sublimaze 


fentanyl) Injection € 





i 
L. Provides maximum 20 a a 
. Pharmacokinetics of a single LV. dose 
pr otection just prior to of 6.4 „g/kg fentanyl base in man! 
anesthetic and surgical stress i 


Upfront loading immediately before 

intubation puts the maximum amount of 

SUBLIMAZE (fentanyl) on board just 6 
prior to laryngoscopy, intubation and 


incision, the stimuli responsible for maximum x 
stress. (SUBLIMAZE helps attenuate rises Z 
in blood pressure and pulse rate.) = 35 
2. Eliminates E 

. è S4 


This new technique helps prevent sympathetic SRE 
breakthrough and all the problems that stem 
from “chasing the patient” 


4) 


() c POSON 


3. Permits most patients 
to breathe spontaneously 
at completion of surgery * 


4. Reduces need for Sieh ie re 
. 7 Slightly depressed spontaneous respiration below 1.5 ng/ml: normal 
postoperative narcotics respiration below 0.7ng/ml. 


*Note: Respiratory depression may last longer than analgesic action 
and this risk increases with increasing doses 


0.35 a 





0 | 2 3 4 5 6 7 8 
Hours after injection 


Postoperatively, residual plasma and tissue 
levels provide sufficient analgesia to minimize 
the need for additional narcotics. 


. McClain DA and Hug CC, Jr.: Intravenous fentanyl kinetics. Clin 
Pharmacol Ther 28(1): 106-114. 1980. 








Please see brief summary 
of Prescribing Information 


Available in easy-to-use 10 ml ampoules ~~ on next page. 


Sublimaze’ 
(fentanyl) Injection € 


Protect from fight. Store at room temperature. 


Before prescribing, please consult complete prescribing information. of which the following is a brief summary 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 
DESCRIPTION 

Each mi. contains: 

Fentanyl la 

Warning: May be habit forming. 

Sodium hydroxide for adjustment of pH to 4.0-7.5. 


CONTRAINDICATIONS 
SUBLIMAZE (fentany!) is contraindicated in patients with known intolerance to the drug. 


WARNINGS 
AS WITH OTHER CNS DEPRESSANTS. PATIENTS WHO HAVE RECEIVED SUBLIMAZE {fentanyl} SHOULD HAVE 
APPROPRIATE SURVEILLANCE. 
RESUSCITATION EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE READILY AVAILABLE TO MANAGE APNEA. 
See also discussion of narcotic antagonists in Precautions and Overdosage. 
if SUBLIMAZE (fentanyl) is administered with a tranquilizer such as (NAPSINE (droperidol), the user should familiarize 
himself with the special properties of each drug, particularly the widely differing duration of action. In addition, when 
such a combination is used, flvids and other countermeasures to manage hypotension should be available. 
As with other potent narcotics, the respiratory depressant effect of SUBLIMAZE {fentanyl} may persist longer than the 
measured analgesic effect. The total dose of aff narcotic analgesics administered should be considered by the 
practitioner before ordering narcotic analgesics during recovery from anesthesia. It is recommended that narcotics, 
when required, should be used in reduced doses initially, as low as V4 to ¥3 those usually recommended. SUBLIMAZE 
{fentanyl} may cause muscle rigidity, particularly involving the muscies of respiration. The effect is related to the speed 
of injection and its incidence can be reduced by the use of stow intravenous injection. Once the effect occurs, it is 
managed by the use of assisted or controlled respiration and. if necessary, by a neuromuscular blocking agent 
compatible with the patient’s condition. Where moderate or high doses are used (above 10 meg. ‘kg }, there must be 
adequate facilities for postoperative observation. and ventiation if necessary, of patients who have received 
pleco {fentanyl}. it is essential that these facilities be fully equipped to handie ali degrees of respiratory 
Pression. 
Drug Dependence-—SUBLIMAZE (fentany!) can produce drug dependence of the morphine type and, therefore, has 
the potential for being abused. 
Severe and unpredictable potentiation by MAO inhibitors has been reported with narcotic analgesics. Since the safety 
of fentany! in this regard has not been established, the use of SUBLIMAZE {fentany/} in patients who have received MAO 
inhibitors within 14 days is not recommended. 
Head injuries and increased intracranial Pressure—SUBLIMAZE (fentanyl) should be used with caution in patients 
who may be particularly susceptibie to respiratory depression, such as comatose patients who may have a head injury 
or brain tumor in addition SUBLIMAZE (fentanyl) may obscure the clinical course of patients with head injury. 
Usage A EE safety of SUBLIMAZE (fentanyl) in children younger than two years of age has not been 
established. 


Usage in Pregnancy-—The safe use of SUBLIMAZE (fentanyl) has not been established with respect to possibile 
adverse effects upon fetal development. Therefore. it should be used in women of childbearing potential onty when, in 
the judgment of the physician, the potential benefits outweigh the possible hazards. There are insufficient data 
regarding placental transfer and fetai effects: therefore, safety for the infant in obstetrics has not been established. 


PRECAUTIONS 

The initial dose of SUBLIMAZE (fentanyl) should be appropriately reduced in elderly and debilitated patients. The effect 
of the initial dose should be considered in determining incremental doses. Nitrous oxide has been reported to produce 
cardiovascular depression when given with higher doses of fentanyl. 

Certain forms of conduction anesthesia, such as spinal anesthesia and some peridural anesthetics, can alter 
respiration by blocking intercostal nerves. Through other mechanisms SUBLIMAZE (fentany!) can aiso alter respira- 
tion. Therefore, when SUBLIMAZE (fentany!} is used to supplement these forms of anesthesia. the anesthetist should 
be familiar with the physiological alterations involved, and be prepared to manage them in the patients selected for 
these forms of anesthesia. 

When used with a tranquilizer such as INAPSINE (droperidol), blood pressure may be altered and hypotension can 
occur. 

Vital signs should be monitored routinely. 

SUBLIMAZE (fentanyl) should be used with caution in patients with chronic obstructive pulmonary disease, patients 
with decreased respiratory reserve, and others with potentially compromised respiration. in such patients. narcotics 
may additionally decrease respiratory drive and increase airway resistance. During anesthesia. this can be managed by 
assisted or controlied respiration. Respiratory depression caused by narcotic analgesics can be reversed by narcotic 
antagonists. Appropriate surveillance should be maintained because the duration of respiratory depression of duses of 
fentanyl employed during anesthesia may be longer than the duration of the narcotic antagonist action. Consult 
individual prescribing information (levallorphan, nalorphine and naloxone) before employing narcotic antagonists. 
When a tranquilizer such as INAPSINE (droperidol) is used with SUBLIMAZE (fentanyl) puimonary artenat pressure 
may be decreased. This fact should be considered by those who conduct diagnostic and surgical procedures where 
interpretation of pulmonary arterial pressure measurements might determine final management of the patient. When 
high dose or anesthetic dosages of SUBLIMAZE (fentanyl) are employed, even relatively small dosages of diazepam 
may cause cardiovascular depression. 

Other CNS depressant drugs (e.9. barbiturates. tranquilizers, narcotics, and general anesthetics} will have additive or 
potentiating effects with SUBLIMAZE (fentanyl). When patients have received such drugs. the dose of SUBLIMAZE 
{fentanyl} required will be less than usual. Likewise, following the administration of SUBLIMAZE (fentanyl), the dose of 
other CNS depressant drugs should be reduced. 

SUBLIMAZE (fentany!} should be administered with caution to patients with iver and kidney dysfunction because of the 
importance of these organs in the metabolism and excretion of drugs. 

SUBLIMAZE (fentanyl) may produce bradycardia, which may be treated with atropine; however, SUBLIMAZE (fentany!} 
should be used with caution in patients with cardiac bradyarrhythmias. 

When SUBLIMAZE (fentany!) is used with a tranquilizer such as INAPSINE (droperido!) hypotension can occur. If this 
occurs, the possibility of hypovolemia should also be considered and managed with appropriate parenteral fluid 
therapy. Repositioning the patient to improve venous return to the heart should be considered when operative 
conditions permit. Care should be exercised in moving and positioning of patients because of the possibility of 
orthostatic hypotension. if volume expansion with fluids pius other countermeasures do not correct hypotension, the 
administration of pressor agents other than epinephrine should be considered. Because of the aipha-adrenergic 
blocking action of /NAPSINE {droperidol}, epinephrine may paradoxically decrease the blood pressure in patients 
treated with INAPSINE (droperidol). 

When INAPSINE (droperidol) is used with SUBLIMAZE (fentany!} and the EEG is used for postoperative monitoring, It 
may be found that the EEG pattern returns to normal slowly. 


ADVERSE REACTIONS 

As with other narcotic analgesics, the most common serious adverse reactions reported to occur with SUBLIMAZE 
(fentanyl) are respiratory depression. apnea, muscular rigidity, and bradycardia: if these remain untreated, respiratory 
arrest, circulatory depression or cardiac arrest could occur. Other adverse reactions that have been reported are 
hypotension. dizziness, blurred vision, nausea, emesis, laryngospasm, and diaphoresis. 

it has been reported that.secondary rebound respiratory depression may occasionally occur postoperatively. Patients 
should be monitored for this possibiity and appropriate countermeasures taken as necessary. 

When a tranquilizer such as INAPSINE {droperidol} is used with SUBLIMAZE (fentany!), the following adverse reactions 
can occur: chills and/or shivenng, restlessness, and postoperative hallucinatory episodes (sometimes associated with 
transient periods of mental depression}; extrapyramidal symptoms (dystonia, akathisia, and oculogyric crisis} have 
been observed up to 24 hours postoperatively. When they occur, extrapyramidal symptoms can usually be controlled 
with ant-parkinson agents. Postoperative drowsiness is also frequently reported following the use of INAPSINE 
(droperidol. 


o 99 meg. {0.05 mg} as the citrate 





Elevated blood pressure, with and without pre-existing hypertension. has been reported following administration of 
SUBLIMAZE (fentany!) combined with INAPSINE (dropendo!). This might be due to unexplained alterations in 
sympathetic activity following large doses: however, it is aiso frequently attributed to anesthetic and surgical 
stimulation during light anesthesia. 


DOSAGE AND ADMINISTRATION 


Dosage should be individualized. Some of the factors to be considered in determining the dose are age. Dody weight, 
physical status, underlying pathological condition, use af other drugs, type of anesthesia to be used. and the surgical 
procedure involved. 

Vital signs should be monitored routinely. 

| Premedication-—Premedication (to be appropnately modified in the elderly, debilitated, and those who have 
recerved other depressant drugs}—50 to 100 mcg. (0.05 to 0.1 mg i to 2 mi.) may be administered 
intramuscularly 30 to 80 minutes prior to surgery. 

H. Adjunct to General Anesthesia—See Dosage Range Chart 

Hii Adjunct to Regiona) Anesthesia—50 to 100 meg. (0.05 to 0.1 mg Hi to 2 mij may be administered 
intramuscularly or slowly intravenously, over one to two minutes, when additional analgesia is required. 

Iv. Postoperatively (recovery room)-—50 to 100 meg. (0.05 to 0.1 mg {1 te 2 mi) may be administered 
intramuscularly for the contro! of pain, tachypnea and emergence delirium. The dose may be repeated in one to 
two hours as needed. 

Usual Children's Dosage: For induction and maintenance in children 2 to 12 years of age, a reduced dose as iow as 20 

to 30 meg. (0.02 to 0.03 mg.}(0.4 to 0.6 mi.) per 20 to 25 pounds is recommended 


DOSAGE RANGE CHART 


TOTAL DOSAGE 

Low dose—-2 mcg. ‘kg. (002 mg.kg} {.04 mi. /kg.) SUBLIMAZE™ injection. Fentany! in smali dases is most 
useful for minor. but painful. surgical procedures. in addition to the analgesia during surgery, fentanyl may alse 
provide some pain relef in the immediate postoperative period. Maintenance. Additional dosages of 
SUBLIMAZE® injection are infrequently needed in these minor procedures. 

Moderate dose-~2-20 mcg ‘kg. (.002-.02 mq. ‘kg.}{ 04-0.4 mi ’kg.) SUBLIMAZE * injection. Where sur 
gery becomes more major, a larger dose is required. With this dose, in addition to adequate analgesia, one 
would expect to see some abolition of the stress response. However, respiratory depression will be such that 
artificial ventilation during anesthesia is necessary, and careful observation of ventiation postoperatively is 
essential. Maintenance: 25 to 100 meg. (0.025 to 0.1 mg. 110.5 to 2.0 mi} may be administered intravenously 
of intramuscularly when movement and/or changes in vital signs indicate surgica! stress or lightening of 
analgesia. 

High dose—-20-50 meg kg. (02-05 mg/kg }(0.4-1 mi kg} SUBLIMAZE” injection. During open heart 
surgery and certain more complicated neurosurgical and orthopedic procedures where surgery is more 
prolonged, and in the opinion of the anesthesiologist. the stress response to surgery would be detrimental to 
the well being of the patient. dosages of 20-50 mcg kg. (.02-.05 mg. 0.4-1 mi) of SUBLIMAZE™ injection 
with nstrous oxide oxygen have been shown to attenuate the stress response as defined by mcreased levels of 
circulating growth hormone, catecholamine, ADH, and prolactin. 

When dosages in this range have been used during surgery, postoperative ventilation and observation are 
assential due to extended postoperative respiratory depression. 

The main objective of this tectinque would be to produce “stress free” anesthesia. Mamntenance: Maintenance 
dosage (ranging from 25 meg. (.025 mg.)(0.5 mi.) to one half the initial loading dose) will be dictated by the 
changes in vital signs which indicate stress and lightening of analgesia, However, the additional dosage 
selected must be individualized especially if the anticipated remaining operative time is short. 


As a Genera! Anesthetic 

When attenuation of the responses to surgical stress is especially important, doses of 50 to 100 meg. ‘kg. (.05 to 0.1 
mg.‘kg.3(4 to 2 mi./kg.} may be administered with oxygen and a muscle relaxant. This technique has been reported to 
provide anesthesia without the use of additional anesthetic agents. In certain cases, doses up to 150 meg. ‘kg. (15 
mg./kg.)(3 mi.’kg.) may be necessary to produce this anesthetic effect. it has been used for open heart surgery and 
certain other major surgical procedures in patients for whom protection of the myocardium trom excess oxygen 
demand is particularly indicated, and for certain complicated neurological and orthopedic procedures. 

As noted above, 4s essential that qualified personnel and adequate facilities be available for the management of 
respiratory depression. 

See Warnings and Precautions for use of SUBLIMAZE {fentany!) with other CNS depressants, and in patients with 
altered response. 


OVERDOSAGE 

Manifestations: The manifestations of SUBLIMAZE (fentanyl) overdosage are an extension of its pharmacologic 
actions. 

Treatment: in the presence of hypoventilation or apnea, oxygen should be admunistered and respiration should be 
assisted or controlled as indicated. A patent airway must be maintained: and oropharyngeal arway or endotracheal 
tube might be indicated. |f depressed respiration is associated with muscular rigidity, an intravenous neuromuscular 
blocking agent might be required to facilitate assisted or controlled respiration. The patent should be caretuily 
observed for 24 hours: body warmth and adequate fluid intake should be maintained. If hypotension occurs and is 
severe or persists, the possibility of hypovolemia should be considered and managed with appropriate parenteral fluid 
therapy. A specific narcotic antagonist such as nalorphine, jevallorphan. or naloxone should be available for use as 
indicated to manage respiratory depression. This does not preclude the use of more immediate countermeasures. The 
duration of respiratory depression following overdosage of fentanyi may be longer than the duration of narcotic 
antasonet action. Consult the package insert of the individual narcotic antagonists for detaiis about use. 


HOW SUPPLIED 
2 mi. and § mi. ampoules-—~packages of 10. 
NDC 50458-030-02 NDE 50458-030-05 


March, 1980. Revised June, 1980. January. 1981 
US. Patent No. 3, 164 600 


10 mi. and 20 mi. ampoules—packages of 5. 

NDC 50458-030-10 NDC 50458-030-20 

iFor intravenous use by hosptal personnel 
specifically trained in the use of narcotic analgesics} 
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Very Positive Signs 


Although it has been on the market for little more 
than one year, VSM™ 1 Vital Signs Monitor has 
already logged more than one million hours of 
operation. And during that time, the VSM 1 has 
established an enviable reputation for accuracy 
and reliability. The VSM 1. It is compact. It is 
portable. It is easy to read. It is simple to operate. 
And as we Say, it is supremely accurate and 
reliable. The VSM 1. Very positive signs. 





The VSM 1 Vital Signs Monitor from Physio-Control. 


Physio-Control Corporation » Cardiovascular Division + 11811 Willows Road - Redmond, Washington 98052 USA: (206) 881-4000 


1982 Physio-Control Corporation 





ES 0EHRINGER 


INTRODUCING 


PORTABLE 
PNEUMOTACH 





Model 8883 


It is now possible to do screening to ATS, 
ACCP, NIOSH/OSHA specifications, using the 
portable system electronics of the Boehringer 
Pulmonary Computer (Model 8880.) 


The portable Pneumotach uses a disposable, 
calibrated head for inexpensive, billable, single 
patient use screening. 


Then take the same 8880 system and plug in 
our reliable, sterilizable Model 8800 Spirometer, 
and do wet circuit monitoring and recording in 
the ICU, OR and Recovery Room. 


More versatility 
More features 
More reliability 


Same Boehringer 
quality, service 
and warranty 


BOEHRINGER LABORATORIES 
WYNNEWOOD, PA. 19096 
215-642-4944 
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Marcaine -c 


(bupivacaine HCI injection, USP) 


veth or without epnephone 1200000 


Piease consult full prescribing information before prescribing. A summary follows: 
indications. Peripheral nerve block, infiltration, sympathetic block, caudal. or epidural block. 
Contraindication, Marcaine is contraindicated in patients with known hypersensitivity to it. 
Warnings. RESUSCITATIVE EQUIPMENT AND DRUGS SHOULD BE READILY AVAILABLE 
WHEN ANY LOCAL ANESTHETIC {9 USED. 

Usage in Pregnancy. The relevance to the human is not known. Safe use in pregnant 
women other than these in labor has not been established. 

Until further clinical experience is gained, paracervical block with Marcaine Is not 
recommended. Fetal bradycardia frequently follows paracervical Block with some amide- 
type local anesthetics and may be associated with fetal acidosis. Added risk appears to be 
present in prematurity, toxemia of pregnancy, and fetal distress. 

The obstetrician is warned that severe persistent hypertension may occur after adminis- 
tration of certain oxytecic drugs, if vasopressors have already been used during labor ieg., 
in the local anesthetic solution or to correct hypotension). 

Solutions containing a vasoconstrictor, particularly epinephrine or norepinephrine. should 
be used with extreme caution in patients receiving monoamine oxidase (MAO) inhibitors or 
antidepressants of the trgtyling or imipramine types. because severe. prolonged hyperten- 
sion may result. 

Local anesthetics which contain preservatives. i.e.. those supplied in multiple dose vials. 
should not be used for caudal or epidural anesthesia. 

Until further experience is gained in children younger than 12 years. administration of 
Marcaine in this age group is not recommended. 


Precautions. The safety and effectiveness of local anesthetics depend upon proper dosage, 
correct technique. adequate precautions. and readiness for emergencies. 

The lawest dosage that gives effective anesthesia should be used in order to avoid high 
plasma levels and serious systemic side effects. Injection of repeated dases of Marcaine 
may cause significant increase in blood levels with each additional dose, due to accumula- 
tion of the drug or its metabolites or due to slow metabolic degradation. Tolerance varies 
with the status of the patient. Debilitated, elderly patients and acutely Hi patients should be 
given reduced doses commensurate with age and physical condition 

Solutions containing a vasoconstrictor should be used cautiously in areas with limited 
blood supply, in the presence of diseases that may adversely affect the patient's cardiovascular 
system, or in patients with penpheral vascular disease. 

Marcaine shouid be used cautiously in persons with known drug allergies of sensitivities, 
particularly to the amide-type local anesthetics 

Serious dose-related cardiac arrhythmias may occur if preparations containing a 
vasoconstrictor such as epinephrine are employed in patients during or following the 
administration of chloroform, halothane. cyclopropane. trichloroethylene. or other related 
agents. In deciding whether to use these products concurrently in the same patient, the 
combined action of both agents upon the myocardium. the concentration and volume of 
vasoconstrictor used, and the time since injection, when applicable, shouid be taken into 
account. 

Caution is advised in administration of repeat doses of Marcaine to patients with severe 
liver disease. 

Use in Ophthalmic Surgery When Marcaine 0.75% is used ior retrobulbar block, 
complete corneal anesthesia usually precedes onset of clinically acceptable external ocular 
muscle akinesia. Therefore. presence of akinesia rather than anesthesia alone should 
determine readiness of the patient for surgery 
Adverse Reactions. Reactions to Marcaine are characteristic of those associated with 
other amide-type local anesthetics. A major cause of adverse reactions to this group of 
drugs is excessive plasma levels. which may be dus to overdosage. inadvertent intravascular 
injection, or slow metabolic degradation. 

Excessive plasma levels of the amide-type local anesthetics cause systemic reactions 
involving the central nervous system and the cardiovascular system. The central nervous 
system effects are characterized by excitation or depression. The first manifestation may be 
nervousness, dizziness, blurred vision, or tremors, followed by drowsiness, convulsions. 
unconsciousness. and possibly respiratory arrest. Since excitement may be transient or 
absent. the first manifestation may be drowsiness. sometimes merging into unconsciousness 
and respiratory arrest. Other central nervous system effects may be nausea, vomiting, chills, 
constriction of the pupils. or tinnitus. The cardiovascular manifestations of excessive 
plasma levels may include depression of the myocardium, blood pressure changes (usually 
hypotension), and cardiac arrest. In obstetrics, cases of fetal bradycardia have occured 
isee Warnings). A/lergie reactions. which may be due to hypersensitivity. idioasyncrasy, of 
diminished tolerance, aie characterized by cutaneous lesions (¢.g., urticaria}, edema, and 
other manifestations of allergy. Detection of sensitivity by skin testing is of doubtful value. 
Sensitivity to methylparaben preservatives added to multiple dose vials has been reported. 
Single dose vials without methylparaben are aiso availabie. 

Reactions following epidural or caudal anesthesia also may include: high or total spinal 
block: urinary retention: fecal incontinence: loss of perineal sensation and sexual function, 
persistent analgesia, paresthesia, and paralysis of the lower extremities: headache and 
backache: and slowing of labor and increased incidence of forceps delivery. 

Treatment of Reactions. Toxic effects of local anesthetics require symptomatic treat- 
ment: there is ne specific cure. The physician should be prepared to maintain an airway and 
to support ventilation with oxygen and assisted or controlled respiration as required. 
Supportive treatment of the cardiovascular system includes intravenous fluids and. when 
appropriate, vasopressors ipreferably those that stimulate the myocardium). Convulsions 
may be controlled with oxygen and intravenous administration, in small increments. of a 
barbiturate, as follows: preferably, an ultrashort-acting barbiturate such as thiopental or 
thiamylal: if this is not available, a short-acting barbiturate (¢.g.. secobarbital or pentobarbital) 
or diazepam. Intravenous barbiturates or anticonvulsant agents should only be administered 
by those famitiar with their use. 

Composition of Solutions. 

Marcaine 0.25% — Each mi contains 2.5 mg bupivacaine with NaCl for isotonicity in water 
for injection. 

Marcaine 0.5% —~ Each mi contains 5 mg bupivacaine with NaCt for isotonicity in water for 
injection. 

Marcaine 0.75% — Each mi contains 7.6 mg bupivacaine with NaCi for isatonicity in water 
for injection. 

In multipie dose vials. each mi alse contains 1 mg methylparaben. 

In epinephrine, each mi also contains 0.0091 mg epinephrine bitartrate, 0.5 mg sodium 
bisulfite, 0.001 mi monothioglycerol, 2 mg ascorbic acid, 0.0017 mi 60% sodium lactate. 
and 0.1 mg edetate calcium disodium. 


Reference: 


|. Buckley FP. Simpson BR Acute traumatic and postoperative pain management. in 
Cousins MJ. Bridenbaugh PO (eds). Neural Blockade in Clinical Anesthesia and Manage- 
ment of Pain Philadelphia. JB Lippincott Co. 1980 chap 25. 
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Infiltrate prior to closing. 


By infiltrating soft tissues surrounding the operative site 
immediately prior to closing* you can extend the anesthetic 
effect of Marcaine “ long after surgery for greater patient 
comfort and a more rapid recovery period! 


EV Celi tone 


(bupivacaine HCI injection, USP) 


with or without epinephrine 1:200,000 
*0.25% only. 


See important product information concerning warnings, adverse reactions, patient selection, and prescribing and precautionary 
recommendations on adjacent page 
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Dissociation of Plasma and Cerebrospinal Fluid 
Beta-Endorphin-like Immunoactivity Levels during 
Pregnancy and Parturition 


Richard A. Steinbrook, MD,* Daniel B. Carr, MD,7 Sanjay Datta, MD,= 
J. Stephen Naulty, MD,* Carrie Lee, MD,§ and John Fisher, BS|| 


STEINBROOK, R. A., CARR, D. B., Datta, S., NAutty, J. S., LEE, C., AND FISHER, J.: Dissociation of plasma and 
cerebrospinal fluid beta-endorphin-like immunoactivity levels during pregnancy and parturition. Anesth Analg 
1982;61:893-7. 


The association between central (cerebrospinal fluid [CSF]) and peripheral (plasma) levels of beta-endorphin-like 
immunoactivity (6-ELI) in nonpregnant women (n = 8) and pregnant women (a) at 16 to 20 weeks of gestation (n = 6), 
(b) at term (n = 21), and (c) in labor (n = 15) was investigated. Umbilical arterial (n = 11) and venous (n = 11) 
samples were also obtained. In agreement with previous investigations, it was found that plasma levels of B-ELI 
increased during labor (mean + SEM: nonpregnant women, 63.5 + 18.2; pregnant women at term, 64.0 + 12.2: 
women in labor, 110.8 + 30.3 pg/ml), and that levels of umbilical arterial plasma of B-ELI exceeded those in umbilical 
venous plasma (132.5 + 34.0 versus 68.2 + 22.2). However, CSF levels of -ELI did not change over the course of 
pregnancy or during labor (nonpregnant women, 36.5 + 15.8; pregnant women at 16 to 20 weeks of gestation, 60.1 
+ 10.3; pregnant women at term, 57.5 + 8.4; women in labor 48.5 + 8.3 pg/ml). This evidence that plasma and CSF 
levels of @-ELI are dissociated during labor calls into question inferences regarding behavioral changes during 


parturition based on plasma -ELI measurements. 


Key Words: POLYPEPTIDES: endorphins; PREGNANCY: endorphins; ANESTHESIA: obstetric. 


NUMBER of investigators (1-7) have confirmed 
that plasma levels of beta-endorphin (6-EP) and 
its precursor, beta-lipotropin (8-LPH), increase in 
women during labor. Endorphins modulate the re- 
lease of reproductive hormones such as gonadotro- 
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pins in humans (8) and animals (9), influence certain 
aspects of reproductive behavior in animals (10), and 
appear as well to underly the increase of pain thresh- 
old seen in pregnant animals (11). For these reasons, 
several researchers (2, 6, 7, 12) have proposed that the 
finding of elevated plasma levels of beta-endorphin- 
like immunoactivity (8-ELL, that is, B-EP + 8-LPH) 
during labor in women may have relevance to expla- 
nations of the psychological responses during human 
pregnancy and parturition. 

Concentrations of B-EP and B-LPH in plasma may 
have little or no correlation with those in brain or 
cerebrospinal fluid (CSF) (13, 14). Thus, it would 
appear more logical to correlate behavioral phenom- 
ena with central levels of these peptides, rather than 
with their values in peripheral blood. We sought to 
define the pattern of release of B-ELI into maternal 
CSF during successive stages of pregnancy and labor, 
and to determine the relationship between CSF and 
plasma levels of this material. We also assayed si- 
multaneous samples of umbilical arterial and umbil- 
ical venous plasma for B-ELI to ascertain the relative 
fetal and placental contributions of this substance (15, 
16). 
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PLASMA AND CSF ENDORPHIN LEVELS 


Methods 


Fifty healthy women provided informed consent 
for this study. The protocol was approved by the 
Human Subjects Committee of the Brigham and 
Women’s Hospital. 

Lumbar CSF (2 ml) and/or blood (10 ml) were 
obtained at the time of administration of spinal an- 
esthesia in nonpregnant women undergoing minor 
gynecologic surgery (NP, n = 8) and in three groups 
of pregnant women: women at 16 to 20 weeks of 
gestation admitted for cervical circlage (C, n = 6), 
women having elective cesarean section at term (T, n 
= 21), and women at term in active labor for 6 to 8 
hours (L, n = 15). In addition, simultaneous arterial 
and venous blood specimens (3 to 8 ml) were drawn 
from doubly clamped segments of umbilical cords of 
five infants delivered vaginally and of six delivered 
by elective cesarean section. In no instance had any 
woman received narcotics, oxytocics, or any medica- 
tion other than antacids before sampling of blood or 
CSF. 

Blood was collected in iced ethylenediaminetetra- 
acetate (EDTA) tubes and immediately centrifuged at 
0°C; plasma was frozen in the presence of 0.1 Įm N- 
ethyl maleimide as preservative. Plasma and CSF 
specimens were stored in polypropylene tubes at 
—70°C until blinded radioimmunoassay for B-ELI by 
published methods (17-19). In brief, individual ali- 
quots of plasma and CSF were not all of sufficient 
volume to permit chromatography, and so total, un- 
fractionated B-ELI was assayed using an antibody that 
recognized B-LPH and B-EP on an equimolar basis 
but that did not detect supraphysiologic amounts of 
alpha-endorphin, gamma-endorphin, leucine, or me- 
thionine enkephalin, or adrenocorticotropic hormone 
(ACTH). In each assay of plasma, all specimens and 
standard curves were run in duplicate and each assay 
tube contained 100 ul of plasma in a total incubation 
volume of 500 ul; in our hands this technique corre- 
lates well with analysis of extracted plasma speci- 


TABLE 1 


mens. For assays of CSF, both 100- and 200-pl sample 
aliquots were used, each in duplicate, and compared 
with a plasma-free standard curve. All assays were 
repeated at least once and the results computed by 
the log-logit method of Rodbard (20). It is of note that 
our human 8-EP standards were analyzed by amino 
acid analysis, a method insensitive to adsorbed mois- 
ture. As peptides are hygroscopic, and crude prepa- 
rations frequently contain 30% or more of gross 
weight as water, this refinement of “weighing” pep- 
tide in a fashion so as to exclude adsorbed water as 
an artifact typically results in calculated levels of £- 
ELI in unknown samples approximately 40% lower 
than if such precautions are not taken. 

Statistical analysis of between-group differences 
was by Kruskal-Wallis one-way analysis of variance. 
Within-group comparison of plasma and CSF values 
were by Mann-Whitney U-test. Umbilical plasma 
values were analyzed by Student’s t-test for paired 
samples and Spearman rank correlation (21). 


Results 


The differences in CSF levels of -ELI (@-EP + 8- 
LPH) between nonpregnant women and the three 
groups of pregnant subjects were not significant, al- 
though mean levels were slightly lower in the former 
group (Table 1). Plasma levels of 8-ELI were the same 
in nonpregnant women as in patients at term before 
the onset of labor; however, after 6 to 8 hours of 
active labor, plasma levels of B-ELI increased 2-fold 
(Fig 1). The difference between plasma and CSF levels 
of 8-ELI in women during labor was highly significant 
(p < 0.01). 

Umbilical arterial levels of B-ELI exceeded those in 
umbilical vein in infants delivered by cesarean section 
without labor ( p < 0.025), as well as in infants deliv- 
ered vaginally (p < 0.05). There was good correlation 
between umbilical arterial and umbilical venous levels 
of B-ELI in both groups (rs = 0.89 for cesarean section, 
Ts = 0.70 for vaginal delivery). Umbilical venous levels 


Beta-Endorphintike Immunoactivity (f-EP + B-LPH) in Gynecologic and Obstetric Patients* 


Group 
CSF 
Nonpregnant 38.5 + 15.8 
Circlage (1 6-20 wk gestation) 60.1 + 10.3 
Elective cesarean 57.5 + 8.4 
Active labor 48.5 + B.3 


” Values are means + SEM. 
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Level of beta-endorphin In: 


Plasma Umbilical artery Umbilical vain 
pg/mi 
63.5 + 18.2 — — 
64.0 + 12.2 168.0 + 46.5 65.7 t 13.7 
110.8 + 390.3 89.6 + 47.7 58.8 + 47.3 
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IMMUNOACTIVE BETA-ENDORPHIN, pg/ml 





NP T 
Fig 1. Plasma and CSF levels (mean + SEM) of immunoactive 
beta-endorphin (i.e., beta-endorphin plus beta-lipotropin). Ab- 
breviations are: NP, nonpregnant women: T, women at term 
pregnancy but not in labor; L, women in active labor. Plasma 
levels were significantly higher than CSF levels in women in 
active labor (p < 0.01). 


of B-ELI correlated moderately well with maternal 
plasma levels in the group having elective cesarean 
section (rs = 0.60), but there was no correlation in the 
group undergoing vaginal delivery (r, = 0.10). Mater- 
nal plasma, umbilical arterial, and umbilical venous 
levels of B-ELI in six subjects having elective cesarean 
section are shown in Fig 2. 

There was no correlation between Apgar scores and 
maternal or umbilical plasma levels of B-ELI. 


Discussion 


The present results for mean levels of B-ELI in 
plasma of pregnant women before and after the onset 
of active labor are of the same magnitude as values 
reported by other workers using unextracted assays 
using antibodies with equimolar affinity for B-EP and 
B-LPH (Table 2). Comparisons between our findings 
and those of workers using antibodies with lower 
affinity for B-LPH than B-EP are more problematic, 
because of the significant contribution of the former 
peptide to B-endorphin-like immunoactivity, but are 
also presented in Table 2, along with results derived 
from extracted plasma samples as well. Possible 
sources of disparity between our results and those of 
others include: first, we obtained specimens from 
patients only in operating or delivery rooms rather 
than in an ambulatory setting; second, we used stand- 
ards prepared so as to exclude absorbed water as an 
artifact (a precaution rarely mentioned in the litera- 


ture); third, we cannot exclude an altered ratio of b- 
EP to -LPH during parturition, as our assay meas- 
ured total 6-endorphin-like immunoactivity, i.e., B- 
EP + $-LPH; and fourth, for the women in active 
labor, we timed our samples so as to coincide with 
access to CSF, i.e., somewhat before the time of 
delivery. It is likely that, had we delayed plasma 
sampling until the moment of delivery, the elevations 
in B-ELI might have been more pronounced (2, 5-7), 
but we chose to sample CSF and plasma simultane- 
ously and the only time during active labor at which 
this could be accomplished ethically was upon inser- 
tion of the spinal needle. 

Our finding of higher levels of B-ELI in umbilical 
artery than umbilical vein is in agreement with results 
of Wardlaw et al (3), but at variance with observations 
of Csontos et al (2), who found no difference in 
umbilical artery versus umbilical vein. The significant 
correlation we found between umbilical venous and 
maternal venous levels of -ELI in women undergoing 
elective cesarean section but not during vaginal deliv- 
ery confirms findings of Goland et al (6), who studied 
only the latter group and also failed to find a corre- 
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Fig 2. Plasma levels of immunoactive beta-endorphin Ge., 
beta-endorphin plus beta-lipotropin) in samples from maternal 
vein (MV), umbilical vein (UV), and umbilical artery (UA) in six 
women whose babies were delivered by cesarean section with- 
out labor. Dashed line connects mean values. See text for 
statistical analysis. 
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Goland et al (6) 


2nd stage (3) 

Postpartum (9) 

Pregnant, not In labor (50) 
Early labor (9) 

Late labor (10) 


119 + 78 pg/ml 
160 + 82 pg/ml 
15.6 + 1.6 pg/ml 
14.8 + 2.3 pg/ml 
70.3 + 8.2 pg/ml 


Kimball et al (7) 


At vaginal delivery (26) 

15-20 min after vaginal 
delivery (17) 

During cesarean section (6) 


113 + 13.3 pg/ml 
169.4 + 13.8 pg/ml 


85.8 + 16.5 pg/ml 


10.8% by weight 


Equimolar 








E i: 
TABLE 2 
Beta-Endorphin-like Immunoactivity (8-EP + 8-LPH) In Maternal Plasma: Published Values 
Reference Patients (n)* poe | A-LPH cross-reactivity Comments 
Akil et al (1) "6 months to labor” (7) 62.5 + 10 fmol/ml 10%~15% M 
Csontos et al (2) First stage labor, active 194 + 58 pg/m! Equlmolar Oxytocin given to all patients 
labor (11) 
ist stage labor, ‘labor 128 + 58 pg/ml 
interval’ (11) 
2nd stage labor, bearing 224 + 58 pg/ml 
down (11): 
2nd stage labor, ‘‘labor 228 + 68 pg/ml 
interval” (11) 
“Immediately” postpartum 456 + 71 pg/ml 
Wilkes et al (4) “At term” (8) 248 + 28 pg/ml 2% by weight 
Fietcher et al (5) Early 1st stage (9) 34 + 10 pg/mi Equlmolar 
Late 1st stage (8) 34 + 10 pg/mi 


Budlamal et al (22) During elective cesarean 
section (4) 


Postpartum 1 hr (1) 


544 + 218 pg/ml 


264 pg/ml 


None Samples chromatographed 
to remove 8-LPH; CSF &- 
EP = 224 + 35 pg/mi 
(cesarean) and 179 pg/ml 


(postpartum) 


* Patients were without medications (or not stated to have received medications) except as noted. 

+ Values are means + SEM. For purposes of tabulation, immunoactive B-EP results published as femtomoles per milliliter have 
been multiplied by 3.4 to convert to picograms per milliliter for studies In which 8-LPH was measured equally with B-P (references 
2, 5, 22). Direct comparison of results of all assays is precluded by appreciable differences between studies In antibody affinities for 


8-LPH versus £-EP. 


lation, and extends these findings by suggesting con- 
joint control of circulating B-ELI in mother and fetus 
at term, before the onset of labor. We did not confirm 
the speculation of Fletcher et al (5) that cord levels of 
8-ELI should correlate with Apgar scores, but we did 
not have sufficient numbers of depressed infants to 
test their hypothesis adequately, as only one of the 
infants in whom we measured umbilical arterial and 
venous levels had an Apgar score <8 at both 1 and 5 
minutes. Our finding that umbilical arterial levels of 
B-ELI exceed umbilical venous levels is compatible 
with fetal pituitary production of B-ELI (2), but pla- 
cental manufacture, or possible placental degradation, 
cannot be excluded. Indeed, the concentration of B- 
ELI has been found to increase in placental tissue 
following delivery (7), so that further studies are 
needed to clarify the factors influencing fetal and 
placental contributions to umbilical cord levels of B- 
ELI. 

Finally, the present study provides evidence that, 
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during labor, plasma and CSF levels of B-ELI are 
dissociated. A preliminary report by Budiamal et al 
(22), examining levels of B-EP in four women before 
elective cesarean section and one woman 1 hour after 
delivery by an unspecified route, also reported no 
correlation between levels of 8-EP in plasma and CSF. 
However, in that preliminary account, plasma levels 
of B-EP in the four women about to have elective 
cesarean sections averaged twice as high as simulta- 
neous values in CSF (a result at variance with ours), 
absolute concentrations of B-EP in plasma and CSF 
were strikingly higher than in our series or in most 
other published accounts, and no subjects were stud- 
ied during active labor. Nonetheless, our results lend 
support to their conclusion that “an explanation for 
the markedly elevated plasma B-EP without corre- 
sponding rises of spinal fluid B-EP levels may be that 
the B-EP of plasma and CSF are produced at different 
locations and have different physiological functions” 
(22). 
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The pattern of dissociation between plasma and 
CSF levels of B-ELI that we observed, namely, an 
increase in plasma concentration with no change in 
CSF values, bears striking similarity to that displayed 
by endorphins and other pituitary hormones in re- 
sponse to other forms of physiologic stress in animal 
models (23, 24) but not previously examined during 
active labor. This finding suggests that the occurrence 
of elevated peripheral B-ELI levels in labor may be a 
nonspecific response to stress rather than a specific 
concomitant of parturition, and may explain Fletcher's 
failure to correlate plasma B-ELI with simultaneous 
pain scores during labor (5), but of course cannot rule 
out a delayed increase in CSF B-ELI or a localized 
increase of B-ELI in a brain region not reflected in 
lumbar CSF concentrations. 

We conclude that maternal CSF levels of beta- 
endorphin-like immunoactivity do not change over 
the course of pregnancy and labor, whereas maternal 
plasma levels increase with labor. Consequently, in- 
ferences regarding behavioral changes in parturition 
based on plasma £-ELI measurements must be reex- 
amined. 

Umbilical arterial levels of B-ELI exceed those in 
umbilical veins, consistent with fetal production of 
B-ELI. The physiologic role of fetal B-endorphin re- 
mains to be determined. 
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ADDENDUM 


A recent report by T. A. Thomas, J. E. Fletcher, and R. G. Hill 
(Br ] Anaesth 1982;54:401-8) provides evidence suggesting a rela- 
tionship between analgesic drugs and the increase in plasma B-ELI 
that accompanies labor. 
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Dupois, M. Y., Sato, S., CHassy, J., AND MACNAMARA, T. E.: Effects of enflurane on brainstem auditory evoked 
responses in humans. Anesth Analg 1982;61:898-902. 


The effects of enflurane anesthesia on brainstem auditory evoked responses (BAERs) was determined in 10 patients 
with normal hearing undergoing various surgical procedures. Arterial blood pressure, body temperature, and arterial 
Pco, were controlled during the 2- to 5-hour recording sessions. End-tidal enflurane concentrations were continuously 
recorded on a Chemetron Medspect Il mass spectrometer in three subjects. BAERs were obtained by, and recorded 
on, a Nicolet CA 1000, from C2 with reference to A1 or A2, with a 2000 click-averaging for each measurement. 
Enflurane administered at clinical concentrations (0.5% to 3%) produced consistent changes in BAER latencies. The 
waves significantly affected (p < 0.01) were waves Ill, IV, and V and interpeak latency l-V. The magnitude of these 
changes was related to the concentration of enflurane and was magnified by temporarily decreasing the Paco,. These 
findings confirm similar data obtained in animals which have shown the same effects at doses that can produce 
generalized seizure activity. BAER analysis shows that changes predominate at the pons and midbrain levels and 
affect the brainstem conduction time, which likely reflects the action of enflurane on the activity of the reticular 


activating system. 


Key Words: BRAIN: evoked responses; ANESTHETICS, Volatile: enflurane. 





RAINSTEM auditory evoked response (BAER) 
recording represents a relatively new noninva- 

sive way of assessing the effects of diseases (1) or 
drugs (2) on the brainstem function. In 1970 Jewett et 
al (3) reported recording small potentials on the scalp 
during the first 7 msec following auditory stimulation, 
a “far-field” recording of brainstem activity (1). A 
click stimulus presented to the ear evokes reproduc- 
ible and typical responses on the scalp with up to 
seven wave components. Each of these waves has 
been related to specific regions of the auditory path- 
way, from the acoustic nerve (wave I) to the thalamus 
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and thalamocortical radiations (waves VI and VII), 
whereas the waves II to V represent different nuclei 
of the brainstem. Since the findings of Jewett and co- 
workers (3), there have been many reports linking 
abnormalities in these wave potentials with specific 
lesions of the deep subcortical auditory pathway (4). 

One major property of BAERs is that, unlike spon- 
taneous electroencephalogram (EEG) or responses to 
long latency evoked responses, they are apparently 
insensitive to centrally acting drugs including anticon- 
vulsants, tranquilizers (2), and anesthetics such as 
halothane (5) or barbiturates, even when spontaneous 
EEG activity is abolished (2). However, reports in 
animals (6) have shown that enflurane may modify 
BAERs. Single or multiple unit recordings and regular 
EEG recordings at various levels of the central nervous 
system (7) have all outlined the unique depressant (on 
the brainstem) or excitatory (on the cortex) effects of 
enflurane on neuronal activity, leading to cortical 
epilepsy. Electrographic epileptiform discharges are 
not uncommonly observed during the administration 
of clinical concentrations (2% to 3%) of enflurane, 
especially in the presence of hypocapnia (8). 

In the present study, the effects of various concen- 
trations of enflurane on BAERs latency and amplitude 


a 


a 
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have been assessed in surgical patients. The correla- 
tion between possible BAER abnormalities and de- 
velopment of enflurane-induced epileptiform activity 
was also examined, together with the potential neu- 
rophysiologic implications of such findings. 


Methods and Materlals 


BAER recordings were carried out in 10 patients 
undergoing various surgical procedures who agreed 
to participate in the study (age range: 21 to 59 years, 
six women and four men). All were A.S.A. class I or 
II physical status, with no cardiovascular, renal, pul- 
monary, or neurologic pathology; all had normal hear- 
ing. After pentobarbital premedication, general anes- 
thesia was induced with thiopental and maintained 
with pancuronium, enflurane, and oxygen, for the 2- 
to 4-hour duration of the surgery. Arterial blood 
pressure and body temperature were maintained 
within preanesthetic control values (maximum esoph- 
ageal temperature variation was +1°C control value). 
Arterial Pco, was also maintained between 32 and 40 
mm Hg, except for a few short occasions (10 to 15 
minutes) when hyperventilation decreased Paco, to 
between 25 and 30 mm Hg. A Chemetron Medspect 
II mass spectrometer was used in three subjects to 
measure and record on-line end-tidal (i.e., alveolar) 
enflurane and CO; concentrations. 

BAER was obtained in a conventional way from 
gold cup electrodes placed on Cz (midline-central 
vertex in the 10-20 electrode system), with reference 
to Al or A2, namely right or left ear lobes. When the 
right ear was stimulated the responses were obtained 
from the channel connecting Cz and A2. The ground 
electrode was placed at Fz position (midline-mid- 
frontal in the 10-20 system). Before testing, hearing 
threshold to 11 Hz clicks (generated by a Nicolet 
noise masking unit 1007A) was determined for each 
patient. The testing intensity of stimulating clicks— 
administered through headphones—was set 70 dB 
above the hearing level and the masking noise to the 
contralateral ear 40 dB above the hearing level. Using 
Nicolet CA 1000, 2000 clicks were averaged with 
analysis time of 10 msec. The responses were imme- 
diately transferred to paper with XY plotter, and 
positive peak latencies were measured with cursors 
on the averager. It took 4 to 5 minutes to obtain one 
set of responses and the same procedure was repeated 
as soon as the previous set was secured. The EEG 
signal was amplified 10,000 times (Nicolet preampli- 
fier) and then led to the averager’s amplifiers with a 
sensitivity setting of +10 pV. 

The day before testing, all patients had a control 


recording. Based on the clarity of responses obtained 
during pretesting, the ear to be stimulated during 
testing was selected. On the day of surgery, using 
exactly the same technique, a continuous recording 
was carried out beginning immediately before anes- 
thetic induction and lasting until awakening. Accord- 
ing to the length of the surgery, the total number of 
BAER recordings obtained at different anesthetic con- 
centrations of enflurane varied from 20 to 60. Only 
BAERs recorded after 15 minutes of constant enflur- 
ane concentration (or whenever end-tidal enflurane 
concentration appeared stable on the mass spectrom- 
eter) were retained for analysis, assuming that at that 
time blood-brain equilibrium of the drug had been 
achieved. In addition to visual analysis of individual 
tracings, statistical analysis was carried out on indi- 
vidual BAER latencies within patients and between 
clinical conditions, i.e., comparison of the values ob- 
tained at different enflurane concentrations using Stu- 
dent’s t-test for paired data. The clinical conditions 
tested were: control (previous day); after induction (2 
to 5 minutes after thiopental injection); during 3%, 
2%, and 1% enflurane; and after enflurane was dis- 
continued at the end of the procedure. 


Results 


All mean BAER latency findings are summarized 
in the Table. After thiopental induction, no significant 
changes were found. Enflurane, on the other hand, 
consistently produced changes in BAER latencies. The 
waves most affected were waves III, IV, and V; these 
were statistically significant from the control values 
with 2% and 3% (for waves II, IV, and V) and with 
1% (for wave V) enflurane. The magnitude of the 
delay in latency was directly related to the concentra- 
tion of enflurane, being maximum with the highest 
concentration (3%) and reversing itself, although in- 
completely, as the concentration decreased. A repre- 
sentative BAER recorded from one subject is shown 
in Fig 1. When end-tidal enflurane was recorded by 
mass spectrometry, the same trend between latencies 
and alveolar concentrations was observed (Fig 2). 
Interpeak latencies (IPL) were also affected (see Ta- 
ble). A statistically significant increase was found for 
IPL M-V with 2% (0.25 msec) and 3% (0.3 msec) 
enflurane. IPL I-V demonstrated an even more sub- 
stantial increase (0.39 msec) with 3% enflurane, which 
remained significant at 2%. IPLs, however, were not 
statistically significantly different from control values 
during administration of 1% enflurane or when the 
patient was awakening, although mean values re- 
mained elevated. 
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TABLE 


Latencies and Interpeak Latencies of Brainstem Auditory Evoked Responses for Different Clinical Conditions * 


Control After pentothai 3% Ethranet 
Latencies 
i 1.58 + 0.02 1.60 + 0.04 1.67 + 0.04 
H 2.69 + 0.05 2.64 + 0.07 2.75 + 0.06 
iW 3.65 + 0.08 3.59 + 0.09 3.61% 0.122 
iV 4.65 + 0.08 4.63 + 0.12 4,91 + 0.13ł 
V 5.57 Ł 0.07 5.63 + 0.06 6.04 + 0.06 
Interpeak latencies 
(IH 2.05 + 0.09 1.99 + 0.10 214 + 0:15 
jti- V 1.93 + 0.06 2.04 + 0.07 2.23 + 0.09% 
l-V 3.99 + 0.07 4.03 + 0.06 





* Values are means + SEM. 
+ Inspired concentration. 


(opamp ninanamnam nrun iare 


4.38 + 0.094 


2% Ethraney 1% Ethranet Ethrane off 








1.66 + 0.04 1.68 + 0.05 1.54 + 0.05 
2.75 + 0.06 2.78 + 0.08 2.69 + 0.08 
3.77 + 0.104 3.72 £0.13 3.66 + 0.09 


4.78 + 0.16 4.65 + 0.08 


4.90 + 0.104 + 
5.89 + 0.084 


I+ | 


6.00 + 0.064 5.78 + 0.07 
2.11 +0.14 2.04 + 0.16 2.10 + 0.11 
2.18 + 0.05ł 2.17 + 0.09 2.12 + 0.07 
4.31 +0.11} 4.21 + 0.11 4.22 + 0.07 





ł Significant at 0.01 level or less, t-test for paired data with reference to control values, two-tailed. 


CONTROL 


2.5% ETHRANE 


1.5% ETHRANE 


ETHRANE OFF 


AWAKE 





oO HIV V 10 


FiG 1. BAER recording obtained in one patient at different 
enflurane inspired concentrations. 
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Fic 2. Relationship between end-tidal enflurane concentration 
(measured and recorded on Chemetron Medspect Il mass spec- 
trometer) and BAER latencies. Lower trace is end-tidal Poo.. 


Amplitudes of BAER waves failed to demonstrate 
consistent changes; occasionally, in four subjects, 
waves HI, IV, and V decreased during 3% enflurane, 
but these changes were not statistically significant. 
When hyperventilation was instituted for 10 to 15 
minutes, further delays in latencies were observed, 
again in waves HI, IV, and V, which were directly 
related to the lower Paco, (Fig 3). 


Discussion 


The recording arrangements used in this study were 
based on a standard, widely accepted technique, and 
the normative data obtained in our laboratory are 
comparable to those obtained in other laboratories 
(9). In addition to the stimulus characteristics, body 
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10 
msec 


FiG 3. BAER traces in same patient and at same enflurane 
inspired concentration (3%) with normoventilation (A) and hy- 
perventilation (Poo, = 27 mm Hg) (B). 


temperature, age, and sex of the subjects tested can 
cause much of the variability in BAER normally en- 
countered (10). 

In our study, body temperature was controlled and 
in previous work no significant difference in BAER 
has been reported in the age range of our patients. 
Although we had a slightly unequal sex ratio (6:4) and 
although BAER IPL are 0.1 to 0.2 msec faster in 
women than in men (10), this did not significantly 
affect our results as statistical analyses used individ- 
uals as their own controls and did not refer to a 
separate control group. 

No significant changes in BAER latencies were 
recorded after thiopental induction, confirming the 
previous finding that BAERs are insensitive to barbit- 
urates (2, 5), even when obvious changes in sponta- 
neous EEG are recorded. It has been shown (11) that 
lesions of the cortex or of the thalamus are not 
associated with changes in BAER. However, enflurane 
consistently delayed BAER, mainly affecting compo- 
nents HI, IV, and V. Although the precise origin of 
BAER neural generators in the brainstem remains 
uncertain and may probably be multiple (12), a con- 


sensus exists (4, 9) relating the vertex-positive com- 
ponents III and IV to the pons (superior olivary com- 
plex and lateral lemniscus) and V to the midbrain. 
We conclude therefore that enflurane, unlike thiopen- 
tal, has an action in those brainstem locations. 

Although delays in BAER latency were observed 
for most of enflurane concentrations we studied, they 
were only statistically significant at higher concentra- 
tions (2% and 3%) and when hypocapnia was also 
present. These conditions (high enflurane concentra- 
tion and hypocapnia) are the factors that produce 
generalized EEG spike-wave activity (8). It has been 
shown in cats (13) that concentrations of enflurane 
that trigger seizure activity significantly prolong the 
BAER components generated in the rostral brainstem. 
These seizure discharges are known to be potentiated 
when the midbrain reticular formation tonic neuronal 
activity is further depressed [e.g., by local cooling 
(14)]. Enflurane itself has such a depressant effect (7, 
15), which may account for the epileptogenicity of 
this anesthetic. The relationship of enflurane seizure 
activity and BAER latency at different levels of Paco, 
has also been demonstrated (16), and the anecdotal 
finding of our study showing BAER latency delay 
with low Paco, levels further illustrates the correlation 
between BAER changes and seizure activity with en- 
flurane. 

IPLs are usually considered to be more represent- 
ative of pathologic changes than are individual abso- 
lute latencies because they are relatively independent 
of variables such as hearing impairment or click in- 
tensity (12). IPL I-V is defined as brainstem conduc- 
tion time and values at or greater than 4.4 msec are 
considered abnormal (12). Such values have often 
been obtained in our study during exposure to 3% 
enflurane. Such an increase in neuronal conduction 
at brainstem level has not to date been found with 
other anesthetics and has only been reproduced by 
using pentylenetetrazol in the monkey in doses pro- 
ducing petit mal epilepsy (13). 

In conclusion, our study confirms the fact that 
BAER recording represents a relatively simple, non- 
invasive method for monitoring neuronal function at 
brainstem level and for testing the functional integrity 
of brainstem function when using pharmacologic 
agents. The study also demonstrates that in man there 
are definite changes in BAER latencies and IPLs when 
enflurane is administered and that these changes 
should be taken into consideration when BAERs are 
recorded in neurosurgical situations. The abnormali- 
ties found are suggestive of a maximal effect on the 
midbrain reticular formation and correlate with the 
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8. Neigh JL, Garman JK, Harp JR. The electroencephalographic 
pattern during anesthesia with Ethrane: effects of depth of 
anesthesia, Paco, and N20. Anesthesiology 1971;35:482-7. 
Stockard JJ, Stockard JE, Sharbrough FW. Non pathologic 
factors influencing brainstem auditory evoked potentials. Am 
J EEG Technol 197818:177-209. 


‘development of enflurane-induced epileptiform EEG 

activity. The significance of these findings is 2-fold: 7 
they confirm the hypothesis, expressed by some au- 
thors (14), of the rostral brainstem playing a role in 
the mechanism of generalized seizure activity (13) in 
a type of epilepsy sometimes called “corticoreticular” 
(14), and they also demonstrate a neurophysiologic 9. 
action of enflurane which is apparently unique among 
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Associated with Cardiopulmonary Bypass 
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SLOGOFF, S., GIRGIS, K. Z., AND KEATS, A. S.: Etiologic factors in neuropsychiatric complications associated with 
cardiopulmonary bypass. Anesth Analg 1982:61:903-11. 


A prospective study of 204 patients undergoing operations requiring cardiopulmonary bypass was undertaken to 
determine the incldence and etiologic factors leading to postperfusion cerebral dysfunction and to determine whether 
pretreatment with thiopental, 15 mg/kg, would reduce the Incidence. Patients were randomly assigned to a control 
(diazepam) or study (thlopental) group and were treated identically except for the drug administered. Patients were 
examined neurologically on the 1st and 4th postoperative day and a psychometric test was administered on the 4th 
day. Although fewer neuropsychiatric complications were present in patients given thiopental, the difference was not 
significant. The overall Incidence of cerebral dysfunction attributable to cardiopulmonary bypass alone was 16.2% for 
transient and 6.4% for persistent dysfunction (present at the 10th postoperative day). The Incidence.of postoperative 
cerebral dysfunction was more than twice as high in patients undergoing intracardiac than in patients having 
extracardiac operations and more than 4 times as high in patients more than 60 years of age than in younger patients. 
Perfusion pressure less than 50 torr with hematocrit less than 30% was not related to development of postoperative 
cerebral dysfunction. The data suggest that air or particulate emboli originating within the heart or aorta are the major 
causes of postbypass cerebral dysfunction. 


Key Words: ANESTHETICS, Intravenous: thiopental; BRAIN: thiopental protection; COMPLICATIONS: neuropsychi- 


atric; SURGERY: cardiovascular. 


LTHOUGH refinements in apparatus and tech- 
niques have substantially reduced morbidity 
related to cardiopulmonary bypass, unpredictable 
major and minor central nervous system complica- 
tions continue to occur. The reported incidence of 
neurologic and/or psychiatric complications follow- 
ing operations requiring extracorporeal circulation 
ranges from 7% to 44% for transient and from 1.6% to 
23% for permanent complications (1-3). Preexisting 
cerebrovascular disease, increasing age, and duration 
of bypass have been suggested as predisposing factors 
and air or particulate emboli and hypotension have 
been proposed as precipitating causes. Attempts to 
reduce the incidence by arterial line filters (4-7), high 
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perfusion pressures (8-11), and treatment of carotid 
occlusive disease (12) have had limited or equivocal 
success. 

In view of the uncertainty of both the incidence 
and etiology of this complication, a prospective study 
with two major objectives was undertaken. The first 
was to gain new insights into predisposing and pre- 
cipitating causes of neuropsychiatric complications of 
cardiopulmonary bypass. The second was to investi- 
gate the possibility that a clinical dose of thiopental 
might reduce the incidence of these complications 
regardless of etiology. Pretreatment of animals with 
large doses of thiopental increases the tolerance of the 
brain to global hypoxemia (13) and reduces infarct 
size after occlusion of a cerebral artery (14). No studies 
in man have been attempted to demonstrate a similar 
cerebral protective effect of pretreatment with thio- 
pental. We hoped the cerebral complications follow- 
ing cardiopulmonary bypass in man would provide a 
suitable model for demonstrating this effect of thio- 
pental. Complications were assessed by both physical 
examination and psychometric testing and, by design 
of the study, causes of complications other than the 
use of an extracorporeal circuit were eliminated. 
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Methods 


Adult patients without neurologic or psychiatric 
illness on routine history and physical examination 
and scheduled for operations requiring cardiopul- 
monary bypass were studied. Patients fulfilling these 
criteria were randomly assigned by day of week and 
order of operation within days to a study group that 
received thiopental or to a control group that received 
diazepam. Both anesthetic techniques had been rou- 
tinely used previously in the management of our 
patients. 

Patients in the study group were given 6 mg/kg of 
thiopental for induction of anesthesia and additional 
increments of 100 to 200 mg after induction until at 
least 15 mg/kg had been administered before cardi- 
opulmonary bypass, a period of approximately 45 
minutes. The rate of administration of thiopental was 
governed primarily by the hemodynamic response to 
thiopental. Although the bifrontal electroencephalo- 
gram (EEG) was monitored, a specific and uniform 
degree of suppression could not be maintained in all 
patients. Transient complete EEG suppression and 
burst suppression were usually observed after admin- 
istration of the last one or two increments of thiopen- 
tal. Control patients received diazepam, 0.15 mg/kg, 
during induction without additional doses of this 
drug. In addition, during induction all patients in the 
study were given morphine, 1 mg/kg, or fentanyl, 15 
ug/kg, pancuronium, 150 ug/kg, and nitrous oxide by 
inhalation. In 80% of the patients in both groups 
halothane or enflurane was added to nitrous oxide at 
some period during operation to control hyperten- 
sion. 


Surgical Management 


Bubble oxygenators of various types were used 
(Travenol, Rygg, Harvey, Cobe, and Bentley). In ad- 
dition to the filters built into each oxygenator, a 40-4 
depth filter was used in the cardiotomy return line. 
No filter was used in the arterial line. Patients received 
heparin, 300 units/kg, before cannulation and oxy- 
genators were primed only with 20 ml/kg of 5% 
dextrose in lactated Ringer’s solution to which hepa- 
rin, 2000 units/L, was added. During bypass perfusion 
flow was maintained between 40 and 60 ml/kg/min 
as determined by venous return. Patients’ nasopha- 
ryngeal temperatures were maintained greater than 
35°C by a heat exchanger. Hematocrit during perfu- 
sion ranged from 18% to 30%. 

All operations were performed through a median 
sternotomy. During procedures requiring atriotomy 
or ventriculotomy, a cannula was placed in the right 
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superior pulmonary vein for venting. Air was aspi- 
rated by needle and syringe from the left ventricle 
and ascending aorta before terminating cardiopul- 
monary bypass. In myocardial revascularization op- 
erations (coronary artery bypass, CAB) the heart was 
vented through a continuous suction cannula in the 
proximal aorta. Cardiopulmonary bypass was not dis- 
continued until adequate cardiac function had been 
established. Any patient who required continuous 
pharmacologic support or intra-aortic balloon coun- 
terpulsation to permit weaning from bypass or who 
experienced marked hypotension (systolic blood 
pressure less than 80 torr for more than 3 minutes) in 
the prebypass or postbypass period was excluded 
from the study. Cerebral electrical activity was mon- 
itored for global ischemia during bypass. No patient 
included in the study had absent EEG activity during 
any period of the operation except in response to 
increments of thiopental. 


Study Plan 


Data recorded during cardiopulmonary bypass for 
correlation with outcome included lowest perfusion 
pressure and its duration, duration of mean perfusion 
pressure below 50 torr, and duration of bypass. Blood 
pressure was recorded directly from the radial artery. 
Within 24 hours after operation, a preliminary neu- 
ropsychiatric evaluation was made. All evaluations 
were made by one medical student employed for this 
purpose after a preliminary 2-week training and prac- 
tice period. All positive findings reported by him 
were confirmed by one investigator (S.S.}. Neurologic 
testing included: (a) movement against resistance of 
all extremities in response to command; (b) presence 
of triceps, biceps, knee, and ankle reflexes; and (c) the 
plantar reflex response. Psychiatric evaluation in- 
cluded orientation to time, place, and person and 
presence of any gross delusional or irrational behav- 
ior. 

On the 4th postoperative day a more detailed neu- 
ropsychiatric examination included: (a) testing 
strength of all upper and lower extremity motor 
groups; (b) sensory perception of sharp-dull, hot-cold 
in all spinal nerve distributions; (c) evaluation of 
motor and sensory function of cranial nerves (d) 
presence of spinal, cranial, and plantar reflexes, and 
(e) observation of coordination and gait. Psychiatric 
evaluation included: (a) orientation; (b) eating and 
sleeping pattern; (c) perception of the attitude toward 
postoperative status; (d) atypical behavioral patterns 
such as aggressiveness, hostility, withdrawal, delu- 
sions, or hallucinations. 
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At the end of the clinical examination on the 4th 
day the Trail Making Test devised by Reitan was 
administered. (The test forms and a manual of instruc- 
tion can be purchased from R. M. Reitan, Neuropsy- 
chology Laboratory, 2205 East Greenlee Road, Tuc- 
son, AZ 85719.) We anticipated that this test, which 
is highly sensitive to the presence of organic brain 
damage, would provide a more sensitive measure than 
the clinical examination. This two-part psychometric 
test asks the patient to connect a series of circles 
numbered sequentially from 1 to 25 (part A) and to 
connect a series of 25 circles both numbered and 
lettered sequentially; i.e., 1 to A to 2 to B to 3... 
(part B). The test is scored in seconds required to 
complete the task. In Reitan’s original work with 200 
organically brain-damaged patients and 84 control 
subjects, a cut-off score of 50 seconds in part A 
correctly identified 70% of brain-damaged patients 
with only 5% false-positive readings among control 
subjects. A cut-off score of 100 seconds in part B 
correctly identified 83% of brain-damaged patients 
with 12% false-positive readings among the control 
patients (15). These cut-off scores for normality were 
used in analysis of our data. 

Based on the neuropsychiatric examination alone, 
certain minimal criteria were established for the di- 
agnosis of cerebral dysfunction in order to decrease 
false-positive readings which might result from per- 
sistent drug effects, peripheral neuropathies, etc. A 
neurologic abnormality was considered present only 
when at least two complementary reflex, sensory, or 
motor abnormalities were found, e.g., weakness of a 
leg with extensor plantar reflex on the same side. On 
the 4th postoperative day generalized discoordination 
with or without focal signs was also considered an 
abnormality. To eliminate “ICU psychosis,” a psy- 
chiatric abnormality was considered present when it 
developed within 48 hours of surgery and/or per- 
sisted for more than 48 hours after discharge from the 
intensive care unit. For the purpose of this study, 
abnormalities were considered transient if they dis- 
appeared by the 10th postoperative day and persistent 
if they were present even though improving at the 
10th postoperative day. 

Statistical testing of relative frequencies of compli- 
cations was by chi-square corrected for continuity 
and for quantitative data by the one-tailed Student's 
t-test for unpaired data. Values are expressed as 
means + SD. 


Results 


Characteristics of the 204 patients included in the 


study and control groups are shown in Table 1. The 
groups were not significantly different with regard to 
any characteristic listed. 

Based on neuropsychiatric examination only, the 
incidence of cerebral dysfunction following cardio- 
pulmonary bypass was 16.2% for transient and 6.4% 
for persistent abnormalities (Table 2). Operations re- 
quiring opening of a cardiac chamber, e.g., valve 
replacement or ventricular aneurysm, were followed 
by more than twice the incidence of both transient 
and persistent dysfunction. Neurologic abnormalities 
occurred in 14 patients, including the eight patients 
with combined neurologic and psychiatric abnormal- 
ities, see Table 3. Of the four patients with focal 
sensory abnormalities, two had hypesthesia over an 
ipsilateral arm and leg and two had unilateral senso- 
rineural hearing loss. One patient with hearing loss 
also had ipsilateral facial hypesthesia. Of five patients 
with focal motor abnormalities, one h-d ptosis of one 
eyelid with absent reflexes in the ipsilateral arm and 
leg, one had tongue deviation on protrusion associated 
with absent limb reflexes on one side, and three had 
hemiparesis. Of the nine patients with focal sensory 
or motor loss, only two (one with unilateral hypes- 











TABLE 1 
Patient Characteristics 
Thiopental Diazepam 
No. of patients 110 94 
Coronary bypass 79% 77% 
Open ventricle 21% 23% 
Sex (M/F) 91% /9% 83%/17% 
Mean age (yr) 55.0 54.6 
Age 2 60 yr 31% 30% 
Preoperative hypertension 25% 31% 
Diabetes 5% 2% 
TABLE 2 


Neurologic and Psychiatric Abnormalities in 204 
Postoperative Patients* 





Neuro- Both neu- 
logic ralogic Psychiat- All abnormal 
only and psy- ric only patients 
chiatric 
SSS Sn ee ee EE Cee a RN ET ORT ETRE NORE TOR 
Coronary artery 6/3 3/2 11/2 12.6% /4.4% 
bypass 
(n = 159) 
Open ventricle 07/0 5/4 8/2 28.9%t / 
(n = 45) 13.3% 
All patients 6/3 8/6 19/4 16.2%/6.4% 
(n = 204) 





* Values are ratios indicating transient / persistent. 
+ Significantly greater than CAB, p < 0.005. 
t Significantly greater than CAB, p < 0.025. 
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TABLE 3 
Neurologic Abnormalities in 14 Postoperative Patients 





Transient Persistent Total 


Generalized discoordination alone 0 2 2 

Generalized discoordination and 3 0 3 
extensor plantar reflex 

Focal sensory abnormality 1 3 4 

Focal motor abnormality 1 4 5 

Total 5 9 14 


thesia and one with eyelid ptosis) returned completely 
to normal by the 10th day. 

The psychiatric abnormalities of 27 patients (19 
with psychiatric alone and eight with combined neu- 
rologic and psychiatric abnormalities) are shown in 
Table 4. Grossly atypical behavior patterns were ob- 
served in 12 patients. In addition to abnormal behav- 
ior, 13 patients were disoriented as to two or more 
references (time, place, and person) and two were 
frankly psychotic. In one, the psychosis consisted of 
religious hallucinations and in the other disorganized 
hallucinations and delusions of threatening actions by 
medical personnel. These were transient in both pa- 
tients. 

Eight of the 14 patients with neurologic abnormal- 
ities and 21 of the 27 with psychiatric abnormalities 
were identified on the Ist postoperative day. In only 
two patients, both with neurologic abnormalities, did 
the dysfunction disappear between the examinations 
on the Ist and 4th days. 

Both part A and part B of the Trail Making Test 
clearly confirmed the existence of two distinct popu- 
lations. Patients without clinical evidence of cerebral 
dysfunction required 35.2 + 8.7 seconds to complete 
part A compared with 64.2 + 28.0 seconds for 32 of 
the 33 patients with clinical evidence of dysfunction 
(p < 0.005). One patient was unable to perform the 
test. Assuming 50 seconds as the upper limit of nor- 
mal for part A, only 7% (12/168) of clinically normal 
patients exceeded 50 seconds (Fig 1). Responses to 
part B were more sensitive. Mean time for completion 
of part B by clinically normal patients was 89.2 + 16.4 
seconds compared with 169 + 59.8 seconds for those 
clinically abnormal (p < 0.005). Twenty-five percent 
(42/168) of clinically normal patients required more 
than 100 seconds in part B, whereas no clinically 
abnormal patients could perform the task in less than 
100 seconds (Fig 2). 

Data were analyzed in two ways for factors that 
predispose to or prevent postperfusion cerebral dys- 
function. In one analysis, the presence of cerebral 
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dysfunction was based on clinical examination only. 
In the other, incidence of clinically diagnosed dys- 
function and/or abnormal Trail Making Test score 
was considered cerebral dysfunction. Factors that 
were significantly related using one measure were 
significantly related using the combined measure and 
vice versa. 

The administration of thiopental did not alter the 
incidence of transient cerebral dysfunction or its per- 
sistence in either open ventricle or closed ventricle or 
combined groups (Table 5). Although the incidence 
of dysfunction was lower in both these groups when 
given thiopental, the differences were not significant. 
Neither duration of cardiopulmonary bypass nor per- 
fusion pressure less than 50 torr correlated with cere- 
bral dysfunction (Table 6). The incidence of neuro- 
psychiatric dysfunction in patients 60 years of age or 


TABLE 4 
Psychiatric Abnormalities in 27 Postoperative Patients 


Transient Persistent Total 


insomnia, anorexia, depression 10 2 12 
hostility, combativeness 

Above plus disorientation 6 7 13 

Above plus hallucinations or de- 2 0 2 
lusions 

Total 18 9 27 
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FiG 1. Distribution of scores in part A of Trail Making Test of 
Reitan (15). See text for description. Normal score is 50 sec- 
onds. Only 7% of clinically normal patients exceeded 50 sec- 
onds, but 28% of clinically abnormal patients completed test in 
less than 50 seconds. 
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Fig 2. Distribution of scores in part B of Trail Making Test of 
Reitan (15). See text for description. Normal score is 100 
seconds; no patient who was clinically abnormal at time of 


NUMBER OF PATIENTS 
i 
Ö 


5 


SCORE 


TABLE 5 


influence of Thiopental on Occurrence and Persistence of 
Postoperative Cerebral Dysfunction 


Patients with 





cerebral Abnormal 
No. of 
dysfunction patients 
pa- EOR ; 
, (total / 
tients . . 
Persis- persistent) 
Total 
tent 
Coronary artery bypass 
only 
Thiopental 87 B 4 9.2% /4. 6% 
Diazepam 72 12 3 16.7% 4.2% 
Open ventricle 
Thiopental 23 6 2 26,1%78.7% 
Diazepam 22 "i 4 31.8% /18.2% 
All operations 
Thiopental 110 14 6 12.7%/5:5% 
Diazepam 94 19 7 20.2% 77.5% 


older was significantly higher than in younger patients 
(35% of 62 patients versus 8% of 142 patients, p < 
0.005). Although the number of women in this study 
was small, cerebral dysfunction occurred significantly 
more frequently in women (31% of 26 patients) than 
in men (14% of 178 patients) (p < 0.05). 

Although 13 patients were considered for the pur- 
pose of this study to have persisting dysfunction at 
the 10th postoperative day, most were recovering 
rapidly at this time. Only five patients, three with 
hemiparesis and two with mild psychiatric disturb- 
ances, were only slightly improved by the 10th day. 


Discussion 


An increasing body of experimental evidence in 


CLINICAL CEREBRAL DYSFUNCTION 


C] ABSENT 
Ei PRESENT 


130 40 50 60 170 180 i90 200 + 
(Seconds) 


testing performed test in less than 100 seconds; however, 25% 
of clinically normal patients required more than 100 seconds. 


animals suggests that the use of anesthetic doses of 
thiopental administered before, during, or shortly 
after a cerebral insult can prevent or diminish irre- 
versible brain damage. Protection is greatest when 
thiopental is administered before the insult and its 
efficacy decreases with time of administration after 
the insult (16). In dogs, thiopental pretreatment re- 
duced the clinical and chemical cerebral derange- 
ments produced by profound hemorrhagic hypoten- 
sion (13) and reduced infarct size, mortality, and 
neurologic deficit after surgically induced focal cere- 
bral vascular occlusion (14, 17). This protective effect 
was attributed to the reduced oxygen requirement of 
cerebral tissue functionally depressed by thiopental 
as protection is maximal at doses producing EEG 
silence (18, 19) and as only anesthesia-inducing ste- 
reoisomers of barbiturates are effective (20). 
Experiments designed to demonstrate a cerebral 
protective effect of thiopental in man have as yet been 
unsuccessful and are limited to administration of 
thiopental after a cerebral insult. The similarity of the 
cerebral insults associated with cardiopulmonary by- 
pass (hypotension and emboli) and the animal studies 
showing protection, especially with pretreatment, 
suggested the present study as an appropriate model 
for evaluation of whether thiopental might similarly 
reduce neurologic complications in humans exposed 
to possible cerebral ischemic insults. Use of diazepam 
in our control patients is supported by failure of 
diazepam to protect the brain against ischemic insults 
or to reduce cerebral metabolism in either clinical and 
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experimental situations (20, 21). None of the other 
anesthetics used in this investigation have been shown 
to protect against cerebral ischemia. Despite this, 
thiopental did not appreciably reduce the incidence 
or severity of cerebral complications in this model. 
Our study design possessed limitations that could 
account for our failure to demonstrate protection. 
Because thiopental is a negative inotropic agent, a 
uniform dose over a specific time interval could not 
be administered to all patients in this population and 
the total dose was limited. For the same reason a 
uniform degree of EEG suppression and, by inference, 
a uniform degree of suppression of cerebral metabolic 
oxygen utilization could not be induced. Based on the 
pharmacokinetics of bolus administration of thiopen- 
tal, at least 10% of peak brain concentration was 
present between 1 and 2 hours after administration 
and was operative during the period of cardiopul- 


TABLE 6 


monary bypass (22). No available data relate this dose 
to degree of brain metabolic suppression. Although 
larger doses of thiopental might prove to be protective 
of cerebral ischemic insults associated with cardio- 
pulmonary bypass, this potential cannot be realized 
in clinical practice because of simultaneous adverse 
effects on cardiovascular function in man, especially 
those with cardiovascular disease severe enough to 
necessitate operations performed under cardiopul- 
monary bypass. 

Based on reports of neurologic sequelae following 
operations requiring cardiopulmonary bypass during 
the past 20 years (Table 7), It is difficult to derive a 
reasonable estimate of the magnitude or the etiology 
of this problem of postoperative neuropsychiatric 
dysfunction. In various reports, the incidence has 
ranged from 7% to 44% for transient and 1.6% to 23% 
for persistent sequelae, both more and less than the 


Hemodynamic Varlables and Incidence of Postoperative Cerebral Dysfunction* 





No. of Patlents with Of patients with blood pressure <50 torr 
patients Duration of bypass blood pressure 9 mmea 
<60 torr Duratlon Lowest 
min % min torr 
Coronary artery bypass operations 
With dysfunction 20 59.1 + 19.7 60 11.6 + 7.7 34.5 + 5.7 
Without dysfunction 139 55.7 + 16.5 73 18.7 TIt 35.6 + 6.4 
Open ventricle operations 
With dysfunction 13 56.8 + 25.7 46 9.7 + 6.4 37.5255 
Without dysfunction 32 55.2 4 26.7 59 16.2 + 13.0 38.4 + 3.9 
* Values are means + SD. 
TABLE 7 
Studies Reporting Incidence of Cerebral Dysfunction after Open Heart Operations* 
Incidence 
Study nee ha Observation Operation Prime 
Transient Persistent 
% 
Ehrenhaft et al (1), 1961 244 R C 7.0 1.6 | NR 
Gilman (2), 1965 35 P C&P 34.0 23.0 l NR 
Kornfeld et al (23), 1985 78 P C&P 38.0 NR l NR 
Gilberstadt and Sako (24), 1987 53 p C&P 13.0 13.0 i NR 
Tufo et al (3), 1970 85 p C&P 44.0 15.0 | B 
Les et al (25), 1971 71 P CAP 31.0 NR { B 
Branthwaite (28), 1972 417 R C 19.2 9.1 i B 
Stockard et al (8), 1973 25 p C 36.0 12.1 1&E NR 
Branthwaite (9), 1975 528 R C 7.4 4.8 IAE B 
Aberg and Kihlgren (4), 1977 223 P C&P 8.5 NR I& E B&C 
Ellis et al (10), 1980 30 P C&P O 0) E C 
Breuer et al (27), 1980 418 R C 16.0 NR E NR 
Kolkka and Hilberman (11), 1980 204 P C&P 40.0 17.2 I&E C 
Turnipseed et al (12), 1980 170 R C NR 5.3 E C 
Present study 204 P C&P 16.2 6.4 I&E C 





* Abbreviations used are: R, retrospective; P, prospective; C, clinical: P, psychometric; |, Intracardiac; E, extracardiac; B, blood; 


C, crystalloid only; NR, not reported. 
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findings in the present study (16.2% and 6.4%). A 
critical review of these published data provided some 
insights into the reasons for the large variation. 


Retrospective versus Prospective Studies 


As complications are searched for in prospective 
studies, a higher incidence can be expected. In the 
prospective studies listed in Table 7, the incidence of 
neurologic sequelae was 28.7% among 804 patients 
contrasted to 11.9% of 1787 patients studied retro- 
spectively. A retrospective chart study of our patients 
revealed a 2.5% incidence of neurologic sequelae, 
representing the number considered of sufficient 
magnitude to warrant recording by attending physi- 
cians. 


Sensitivity versus Specificity 


The criteria used for the presence of a neurologic 
deficit have varied in published reports from the 
highly specific but lowly sensitive gross neurologic 
changes, to highly sensitive but lowly specific psy- 
chometric tests. Of patients listed in Table 7, 779 were 
evaluated by psychometric testing as well as neuro- 
logic examination and cerebral dysfunction was con- 
sidered present in 27.9%. By contrast, 11.3% of 1812 
patients were considered neurologically abnormal 
when only neuropsychiatric and autopsy examina- 
tions were included as criteria. In the study by Tufo 
et al (3), the highest incidence of transient neurologic 
sequelae was reported but an excessively sensitive 
nonpsychometric criterion was used. The deficit in 35 
of their 37 neurologically abnormal patients consisted 
only of a positive Babinski reflex. As postoperative 
neurologic deficits include peripheral neuropathies 
owing to abnormal body positions, excessive sternal 
retraction, and intramuscular injections, inclusion cri- 
teria must attempt to discriminate peripheral from 
central deficits. Our study attempted to increase sen- 
sitivity by using the Trail Making Test, which is 
highly specific for organic brain damage, and to in- 
crease specificity by requiring two complementary 
neurologic abnormalities for inclusion of patients in 
the neurologically abnormal group. 


Hypotension, Hypothermia, and Hemodilution 


Traditionally, focal neurologic dysfunction occur- 
ring after any operation has been ascribed to intra- 
operative hypotension when no more obvious cause 
was apparent. When hypotension was profound and 
prolonged this relationship has been clear. For what 
period of time lesser degrees of hypotension are 


required for neurologic damage is not at all clear, nor 
do the cumulative data in Table 7 help define this 
relationship. There is no generally accepted criterion 
for hypotension and its definition is usually related 
to some preoperative blood pressure measured under 
undefined conditions. Hypotension occurring before 
and after bypass is not usually distinguished from 
hypotension during bypass despite their widely dif- 
fering implications. For example, hypotension before 
or after bypass is usually secondary to blood loss, 
arrhythmias, or loss of myocardial contractility and is 
associated with an unknown cardiac output in a nor- 
mothermic nonheparinized patient. By contrast, car- 
diac output (perfusion flow rate) is known when 
hypotension occurs during bypass and hypotension 
appears when the patient is heparinized and some- 
what hypothermic, both of which tend to increase the 
tolerance of the brain to ischemia. Further, perfusion 
pressure during cardiopulmonary bypass is related to 
the composition of the prime and the resulting hem- 
atocrit. At identical flow rates, perfusion pressure 
varies directly with hematocrit because of the effect 
of hemodilution on whole blood viscosity. Many of 
these factors have not been separated out or even 
recorded by previous investigators who suggested 
hypotension as a precipitating cause of neurologic 
deficits (2, 3, 8, 9, 25). In the present study, patients 
with hypotension for greater than 3 minutes from any 
cause before or after bypass were excluded, limiting 
hypotension as a factor to that occurring during car- 
diopulmonary bypass alone. We are unable to iden- 
tify perfusion pressures of less than 50 torr persisting 
for 16 minutes associated with hematocrit less than 
30% as responsible for neurologic deficits in our 
patients. 

Against this background the study of Stockard et 
al (8), which implicated hypotension as a cause of 
postoperative neurologic dysfunction, deserves spe- 
cial comment because of its wide citation. In their 
study, hypotension was quantified as Tm — 50; i.e., 50 
torr minus mean blood pressure less than 50 torr 
multiplied by the minutes it remained less than 50 
torr. For example, 40 torr for 10 minutes resulted in 
a Tm — 50 of 100. Twenty-five patients were studied. 
Hypothermia was used during bypass, but neither the 
prime nor the hematocrit was reported. Of their first 
nine patients, seven had Tm — 50 values greater than 
100 and six of these suffered severe and even fatal 
neurologic complications. In the next 16 patients va- 
sopressors were administered prophylactically and no 
neurologic sequelae occurred. In a more recent study 
by Kolkka and Hilberman (11) Tm — 50 values of 500 
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to 800 were not significantly associated with neuro- 
logic deficits. In our study the percentage of patients 
with mean blood pressure less than 50 torr and the 
duration of mean blood pressure less than 50 torr 
were both higher in the groups without cerebral dys- 
function (Table 6). Our data, like those of Kolkka and 
Hilberman (11), fail to support the utility of Tn—50 
as an index of cerebral hypoperfusion. 


Duration of Perfusion 


In several studies (5, 10, 23-25), a statistically valid 
relationship between duration of perfusion and the 
incidence of neurologic deficits was found. It is not 
clear why this should be so, unless duration reflects 
difficulty of operation and greater likelihood of air or 
particulate embolization. Possibly microaggregates in 
the perfusion increase in size with increasing duration 
of perfusion. Were this so, the use of arterial filters 
should result in a meaningful reduction in neurologic 
complications. Such clinical data are not available to 
support this. Although our data do not support du- 
ration of perfusion as a significant predisposing factor, 
our range of values for duration was not large. 


Extracardiac Operations and Emboli 


An unequivocal cause of neurologic deficits is air 
or particulate emboli dislodged from the aorta or 
cardiac chambers at the time of cannulation or after 
termination of bypass. The risk of emboli is obviously 
greater in intracardiac operations (28.9% versus 12.6% 
in our patients), but is also present in extracardiac 
operations (CAB) where air or particulate matter can 
arise from the cannulated ascending aorta and pass to 
the cerebral vessels. In our patients, more than 75% 
of whom underwent CAB, nine suffered focal motor 
or sensory deficit (4/45 intracardiac and 5/159 extra- 
cardiac). In eight of these nine patients, the deficit 
involved the right hemisphere, strongly suggesting an 
embolus passing up the first great vessel arising from 
the aorta rather than regional cerebral ischemia as the 
cause, even in extracardiac operations. Were emboli 
from these sources the major cause of neurologic 
deficits, in-line arterial filters would have little impact 
on this complication. 


Age 

The development of the CAB operation exposed a 
much older population to the hazards of cardiopul- 
monary bypass and enabled the recognition of age as 
a predisposing factor even in the absence of open 
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cardiotomy (4, 5, 8, 9). In our data, patients 60 year of 
age and older suffered 4.5 times the neurologic com- 
plications of those less than age 60 years. As patients 
with known cerebrovascular disease by history or 
physical examination were excluded from our study, 
the association between age and neurologic sequelae 
is not related to clinically evident cerebral vascular 
insufficiency. Turnipseed et al (12) questioned this 
relationship between cardiovascular disease and neu- 
rologic complications following cardiopulmonary by- 
pass. Among their 170 patients undergoing CAB, 34% 
had either a cervical bruit or a history of transient 
cerebral ischemia. Yet the incidence of cerebral com- 
plications in this group was only 3.5% (2/57) com- 
pared with 6.5% (7/113) in their patients without 
cerebrovascular disease. 

To test the possibility that hypotension and in- 
creased age combined is a cause of neurologic dys- 
function, we analyzed this relationship and could find 
no significant interaction. In fact, the subgroup with 
the least hypotension was the group older than 60 
years of age with neurologic abnormalities. In addi- 
tion, 75% (30/40) of patients 60 years old or older 
with no postoperative dysfunction had perfusion 
pressures lower than 50 torr in contrast to only 41% 
(9/22) of those with dysfunction. Although we have 
no explanation for the relationship between age and 
neurologic dysfunction, it should be remembered that 
with increasing age, cerebral response to extrinsic 
(environmental) and intrinsic (drugs) stimuli are al- 
tered independently of any cerebrovascular disease 
and that subclinical cerebrovascular disease is prob- 
ably age related. 


Oxygenator Prime 


The use of blood for part or all the priming volume 
of the oxygenator increases the hematocrit as well as 
the volume of potential particulate matter in the per- 
fusate. The higher hematocrit by increasing viscosity 
leads to higher intravascular pressures at the same 
flow from the oxygenator. In this regard it is interest- 
ing that most reports that incriminate hypotension as 
a cause of neurologic dysfunction utilized a blood 
prime (3, 9, 25). Both Branthwaite (9) and Aberg and 
Kihlgren (4) reported an appreciable reduction in 
postoperative neurologic dysfunction among their pa- 
tients when they converted from a blood prime to an 
acellular one. Whether the improvement they noted 
was the result of improved rheologic characteristics 
of the lower hematocrit perfusate or the decreased 
volume of particulate matter for embolization could 
not be determined. 


SLOGOFF, GIRGIS, AND KEATS 


In summary, our review of these reports of neuro- 
psychiatric dysfunction after open heart operations 
identified some reasons for the wide variation in the 


reported incidence. Against this background, we be- 


lieve our data suggest that embolized air or particulate 
matter is the major cause of this complication and 
advancing age is a strong predisposing factor. We 
were unable to confirm a perfusion pressure of less 
than 50 torr as either predisposing or causative. 


10, 
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BARSA, J., Fink, B. R., Sumi, S. M., AND CALKins, D. F.: Functional and structural changes in the rabbit vagus nerve 
in vivo following exposure to various hypoosmotic solutions. Anesth Analg 1982:61:912-6. 


Hypoosmolar solutions were recently shown to produce a reversible conduction block of rabbit vagus nerve and to 
potentiate local anesthetic agents. The object of the present study was to determine the ability of neural tissue to 
recover structurally and functionally following exposure to hypoosmotic solutions. Cervical vagus nerves of rabbits 
were bathed in situ for 2 hours in a control solution or in 0.4, 0.5, and 0.6 aqueous dilutions of physiologic salt 
solution. Nerves excised immediately after exposure, or 1 or 4 weeks later, were subjected to light and electron 
microscopic examination. Following exposure to control and 0.6 dilution, nerves were normal in all respects at 8 days. 
However, nerves exposed to 0.4 and 0.5 dilutions, although apparently functionally intact as tested by conduction of 
C fiber action potentials, showed evidence of axonal damage characterized by accumulation of macrophages and 
proliferation of Schwann cell processes. It may be inferred that the osmotic fragility of axons is similar to that of 


erythrocytes and that immersion in 0.6 N osmotic solution is probably harmless to the nerve. 


Key Words: TOXICITY: neurotoxicity, hypoosmotic; NERVE: hypoosmotic solutions. 





YPOOSMOLAR solutions were recently shown 

to produce a reversible impairment of nerve 
impulse conduction and to potentiate the in vitro 
blocking action of the local anesthetic lidocaine (1-3). 
Clinically, these effects of hypoosmolarity may be of 
importance when hypobaric spinal anesthesia is used 
as hypobaric spinal anesthetic solutions are also hy- 
poosmolar (4). Hypobaric spinal anesthetic solutions 
are made up by dissolving a local anesthetic in water 
(5-7), and are often injected in a large volume that 
produces an initial hypoosmolar dilution of the cere- 
brospinal fluid (4). Extreme hypoosmotic dilution of 
cerebrospinal fluid has been used to obtain partial 
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pain relief by selective destruction of C fibers in 
patients with advanced metastatic cancer (8, 9). 

The object of the present study was to determine 
the ability of neural tissue to recover structurally as 
well as functionally following exposure to graded 
hypoosmolarity. 


Methods 


The experiments were performed on the cervical 
portion of the vagus nerve in rabbits. Following in- 
duction of anesthesia with halothane and oxygen, the 
rabbit was restrained in the supine position. After the 
skin was shaved from the mandible to the upper 
sternum and painted with alcohol and tincture of 
iodine, a 10- to 12-cm incision was made in the 
midline. The superficial fascia was exposed by blunt 
dissection and incised on both sides approximately 
0.5 cm lateral to the trachea. The sternohyoid and the 
sternomastoid muscles were separated by blunt dis- 
section on both sides of the trachea and retracted by 
nylon traction sutures attached to an overlying ring 
support, thereby forming a unilateral or bilateral 
trough which could be filled with test or control 
solutions. The cervical vagus nerve was visible lying 
within the carotid sheath at the bottom of the trough. 


BARSA ET AL 


The sheath was then incised and the vagus nerve was 
gently separated from the carotid artery. Oxygenated 
solution at 38°C was introduced into the trough and 
replenished as required so as to ensure continuous 
immersion of the nerve for 2 hours. A heating lamp 
and blanket maintained the temperature of the rabbit 
at 38 to 39°C. Samples (0.2 ml) of trough fluid were 
removed every 15 minutes for measurement of so- 
dium and potassium concentrations. In some animals 
the vagus nerves were removed immediately after 
exposure. In others the skin was closed with metal 
clips, and the animal was allowed to recover. These 
animals were killed by air embolism 1 to 4 weeks 
later, and the vagus nerves removed for examination. 

The control solution consisted of physiologic iso- 
tonic salt solution (Gibco M199, catalog number 400- 
1100, Grand Island Biological Company, Long Island, 
NY). Test solutions consisted of the same solution 
diluted with water to 0.6, 0.5, or 0.4 of control os- 
molarity, as tested in a Wescor osmometer. 

A total of 22 vagus nerves were studied (11 ani- 
mals). The schedule of treatment to which these ani- 
mals have been subjected was as follows: 


Group 1: Controls 


In animals 1 to 3, the right vagus nerves were 
exposed to air for 15 minutes but no solution was 
added. The left vagus nerves were not exposed. These 
control nerves were used to test the possible effects 
of anesthesia, surgery, and exposure of the nerve to 
air alone. In animals 4 to 11, the right vagus nerves 
were exposed to physiologic solution for 2 hours. 


TABLE 1 


Groups 2 to 4 


Group 2 included animals 4, 6, and 7. In these 
rabbits, the left nerves were exposed to 0.6 hypoos- 
motic solution for 2 hours. Group 3 included animals 
5, 8, 9, and 10. In these rabbits, the left nerves were 
exposed to 0.5 hypoosmotic solution for 2 hours. 
Group 4 consisted of animal 11. In this rabbit, the left 
nerve was exposed to 0.4 hypoosmotic solution for 2 
hours. 

Animals 1, 4, and 5 were killed and the nerves 
processed at the end of the exposure period. The 
remaining animals in all the groups were killed and 
the nerves examined 8 or 28 days later (Table 1). After 
excision, all nerves were placed in Ringer's solution. 
Conduction in C fibers was tested by placing the 
nerve on an array of platinum wire stimulating and 
recording electrodes, and applying a supramaximal 
75-V, 0.1-msec stimulus from a Grass 544 stimulator 
and stimulus isolation unit. The compound action 
potential was displayed on a Tektronix 532 cathode 
ray oscilloscope and photographed with a Polaroid 
camera. 

Tissue specimens were collected from the proximal, 
middle, and distal parts of each nerve, fixed in 0.25% 
glutaraldehyde + 4% paraformaldehyde in 0.13 m 
sodium phosphate (pH 7.2) postfixed in buffered 
osmium tetroxide, and embedded in Epon; nine to 11 
sections, 0.5- to 2-u thick, from each nerve, were 
stained with methylene blue or azur blue II for light 
microscopy. Thin sections from the same blocks were 
stained with uranyl acetate and lead citrate for elec- 
tron microscopy. Microscopic examinations were per- 


Effect of Hypoosmotic Solutions on Gross Appearance and Conduction of Nerves 





Time interval 





Treatment group Animal no. No.of Duration of to examina- seen Gross appearance 
nerves treatment fish potential * 
min days 
1 (control nerves) 
A. None 1 2 -l 0 + Normal 
2 2 _ 8 + Normal 
3 2 — 28 + Normal 
B. Physiologic solution 4,5 2 120 0 + Normal 
8-9 4 120 8 + Normal 
10,11 2 120 28 + Normal 
2 (0.6 hypoosmotic) 4 1 120 0 + Normal 
7 1 120 8 + Normal 
6 1 120 28 + Normal 
3 (0.5 hypoosmotic) 5 1 120 0 + Mild nerve swelling 
8,9 2 120 8 + Mild adhesion and nerve swelling 
10 1 120 28 -+ Mild adhesion and nerve swelling 
å (0.4 hypoosmotic) 11 1 120 8 + Moderate adhesion and nerve swelling 





* Symbol used is: +, normal C-fiber potential. 
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formed by S.M.S., who was unaware of the treatment 
to which the nerves had been subjected. 


Results 


The gross appearances of the nerves and the results 
of the conduction tests are summarized in Table 1. 
Unexposed nerves and those exposed to air only 
(group 1A), to physiologic control solution (group 
1B), and to 0.6 hypoosmotic solution (group 2) were 
grossly normal in all respects. Nerves exposed to 0.5 
hypoosmotic solution (group 3) and to 0.4 hypoos- 
motic solution (group 4) were swollen and were ad- 
herent to surrounding tissue when examined at 8 
days. However, these nerves were normal when tested 
for conduction (Table 1). 

Light and electron microscopic examination re- 
vealed no abnormality in either nerves exposed to 0.6 
hypoosmotic solution (group 2) or in control nerves 
(group 1). At 8 days light microscopy showed that 
most of the axons, both myelinated and unmyelin- 
ated, appeared to be well preserved in nerves exposed 
to 0.5 and 0.4 hypoosmotic solution (groups 3 and 4). 
However, several round lipid-filled macrophages 
were present in these nerves. Electron microscopic 
examination revealed clusters of proliferating 
Schwann cell processes (bands of Bungner), as well as 
the presence of both macrophages and Schwann cells 
containing lipid droplets and myelin fragments (Figs 
1 to 3). 

Sodium and potassium concentrations in the solu- 
tions taken from the trough during the exposures are 
summarized in Table 2. There was relatively little 
change in their concentrations during the period of 
exposure. 


TABLE 2 


Discussion 


The osmotic strengths 0.6 and 0.5 (physiologic os- 
molarity = 1.0) were selected for testing because these 
strengths are, respectively, smaller and greater than 
those critical for hemolysis of red cells (10). Occa- 
sional ‘Schwann cell infiltration by macrophages to- 
gether with bands of Bungner with lipid inclusions 
were observed in some specimens obtained 8 days 
after exposure to 0.5 hypoosmotic solution. No ultra- 
structural abnormalities could be seen following ex- 
posure to 0.6 hypoosmotic solution (Figs 1 to 3). 
However, in nerves exposed to 0.4 and 0.5 hypoos- 
motic solutions most of the axons, both myelinated 
and unmyelinated, had no detectable ultrastructural 
defects. This explains the functional integrity in these 
nerves as tested by conduction of C fiber action 
potentials. 

The ability of neural tissue to recover structurally, 
as well as functionally, from exposure to hypoosmotic 
solution is probably determined by the duration of 
exposure and the magnitude of hypoosmolarity. In 
the present study, the hypoosmotic exposure was 
severe and maintained for 2 hours as evidenced by 
the concentration of sodium and potassium in the 
trough solution sampled throughout the period of 
exposure. 

In a study of 1640 cases of hypobaric tetracaine 
spinal anesthesia, Lund and Rumball (6) reported no 
neurologic complications. They prepared their spinal 
anesthetic solutions by dissolving tetracaine crystals 
in pure water. The volume of intrathecal injection was 
5 to 20 ml and the concentration of tetracaine varied 
between 0.05% to 0.1%, which in the Wescor osmom- 
eter yields an osmolarity of 2 to 20 mOsmol/L. We 


Sodium (Na) and Potassium (K) Concentrations in Trough Solutions at 15-Minute intervals* 


Solution osmolarityt 


Observation 
‘ie 0.4 
Na K Na K Na K Na K 

min meq/L 
15 57+4 2.22 0.1 76 +3 2.8 + 0.2 93 +9 3.2 + 0.2 130 +2 4.9+0.2 
30 60 +3 2.1+0.3 75 +4 2.8 + 0.1 96+ 3 3.3 ż 0.3 139 + 4 5.0 + 0.1 
45 56 +6 2.1 + 0.1 73+6 2.7 + 0.2 89 + 5 3.0 + 0.1 134 + 2 48+ 0.3 
60 62 + 2 2.4+ 0.1 86 +9 3.1+0.3 93 + 2 3.2 + 0.1 139 + 1 5.2 + 0.2 
75 66+7 2.3 £ 0.2 8I 3 3.1 + 0.2 97 +6 3.3 + 0.2 14244 5.2 + 0.2 
390 59433 2.1 +041 73Ł5 2.8 Ł 0.1 9347 3.2+0.3 137 £3 4.4 +03 

106 88 + 2 3.2 + 0.3 14142 5.0+0.3 

120 93 +6 3.2 + 0.1 


* Values are means + SE. 
+ Physiological osmolarity = 1.0. 
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FiGs 1 TO 3. Electron micrographs of nerves excised 8 days 
after exposure. Fig 1, Control; Fig 2, 0.6 hypoosmotic solution: 


s 


Fig. 3, 0.5 hypoosmotic solution. In Figs 1 and 2 both myelinated 
and unmyelinated tibers are well preserved. In Fig 3 there are 


have found (unpublished data) that the osmolarity of 
cerebrospinal fluid obtained 5 to 10 minutes following 
the intrathecal injection of hypoosmotic tetracaine 


proliferating Schwann cell processes (SP) bound by a basement 
membrane (band of BUngner), and a portion of a macrophage 
(M) containing lipid droplets and myelin fragments. 


solution similar to that used by Lund and Rumball is 
approximately 0.6 of N. 


Our present observations suggested that the os- 
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motic fragility of axons is similar to that of red blood 
cells (10). Negative results observed with the 0.6 
dilution do not necessarily imply that the same dilu- 
tion containing local anesthetic would be equally inert 
if used in peripheral nerve blocks or in the epidural 
region. 

The results reported here suggest that, within limits, 
hypoosmolarity as such presents little or no long-term 
hazard to nerve. 
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SETHNA, D. H., Gray, R. J., Morr, E. A., BUSSELL, J. A., RAYMOND, M. J., CONKLIN, C. M., AND MATLOFF, J. M.: 
Dobutamine and cardiac oxygen balance in patients following myocardial revascularization. Anesth Analg 
1982;61:91 7-20. 


Dobutamine Is frequently used In the early postoperative period following myocardial revascularization to Improve 
cardiac output. Seven postoperative adult patients with low output syndrome were studied before and during 
intravenous dobutamine (mean + SD: 5.1 + 2.5 g/kg/min) infusion. The metabolic effects were evaluated and 
related to hemodynamic changes. Cardiac Index increased 40% (p < 0.05) with an increase in heart rate (p < 0.05) 
and decreases In systemic vascular resistance and right atrial pressure (p < 0.05). No significant changes occurred 
In arterial or pulmonary capillary wedge pressures or In stroke volume Index. Dobutamine produced a 29% Increase 
in myocardial oxygen consumption which, In these revascularized patients, was accompanied by a 35% Increase in 
coronary blood flow. No significant alteration was observed in coronary sinus oxygen content or In global myocardial 
lactate extraction. Thus, despite the Increased metabolic cost of dobutamine, global myocardial Ischemia was not 


observed. 


Key Words: HEART: dobutamine; SYMPATHETIC NERVOUS SYSTEM: dobutamine; SURGERY: cardiovascular; 


ANESTHESIA: cardiovascular. 


OBUTAMINE, a synthetic catecholamine and a 

potent beta-1 receptor agonist, improves left 
ventricular function by its positive inotropic effect 
(1-3). Recently, studies of the systemic hemodynamic 
effects of dobutamine in patients following open- 
heart surgery have shown improved left ventricular 
function with increases in heart rate, mean arterial 
pressure, cardiac index, and stroke volume index (4, 
5). Any consideration of the benefit must be made in 
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relation to the effects of the drug on myocardial 
oxygen supply and demand, as dobutamine may con- 
stitute an undesirable metabolic cost to the myocar- 
dium simultaneous with its salutary clinical effect (6). 
An evaluation of the metabolic costs of dobutamine 
administered for management of postoperative low 
cardiac output following myocardial revascularization 
has not been. described. Accordingly, the goal of this 
study was to examine the acute effects of dobutamine 
on myocardial oxygen consumption and myocardial 
lactate extraction in patients following coronary artery 
bypass surgery, relating the data to concurrent 
changes in hemodynamics. 


Methods and Materials 


According to a protocol approved by the Human 
Subjects Committee, seven consecutive patients (five 
men, two women; mean age 48 years) were studied. 
All patients had low cardiac output syndromes before 
dobutamine administration; the cardiac index was 
low, whereas heart rate and pulmonary capillary 
wedge pressure were within normal limits. Informed 
consent was obtained from all patients. The study was 
done in the cardiac surgical intensive care unit within 
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the first 6 hours following myocardial revasculariza- 
tion. All patients were sedated and were being me- 
chanically ventilated. One patient received morphine 
sulfate, 3 mg, and diazepam, 5 mg, intravenously 20 
minuted before dobutamine infusion; another patient 
received morphine sulfate, 4 mg, and diazepam, 5 mg, 
intravenously 50 minutes before dobutamine infu- 
sion. None of the remaining patients received a va- 
soactive drug whose effect might have persisted at the 
time of the study. 

Before surgery, all patients had chronic stable an- 
gina or medically controlled unstable angina. Mean 
preoperative angiographic ejection fraction was nor- 
mal (0.77 + 0.07, mean + SD). One patient had single- 
vessel disease, four patients had double-vessel dis- 
ease, and two patients had triple-vessel coronary dis- 
ease. Five patients had been anesthetized with mor- 
phine sulfate (1 mg/kg IV) and two patients with 
halothane-oxygen. In the latter two patients, induction 
of anesthesia with halothane began with up to 2.5% 
halothane inspired in oxygen, and thereafter anesthe- 
sia was maintained with 0.5% to 0.1% halothane in 
oxygen. The vein grafts were performed during whole 
body perfusion with core cooling at 20 to 25°C. 
Crystalloid potassium or blood cardioplegia and top- 
ical myocardial hypothermia (4°C) were utilized. The 
mean ischemic time on cardiopulmonary bypass was 
77 + 29 minutes. Diseased coronary arteries in each 
patient were judged to be completely revascularized 
by the surgeon (number of grafts, range: 2 to 5), as all 
vessels with greater than 50% obstruction were by- 
passed. No patient developed perioperative myocar- 
dial infarction by serial electrocardiographic or en- 
zymatic alterations. 

The following catheters had been introduced before 
surgery in each patient: (a) an 18-gauge cannula in the 
radial artery; (b) a thermodilution triple-lumen cath- 
eter (Edwards, Santa Ana, CA) by the Seldinger tech- 
nique through the right internal jugular vein into 
the pulmonary artery; and (c) a coronary sinus cath- 
eter (Wilton-Webster Laboratories, Altadena, CA) 
through the same internal jugular vein into the coro- 
nary sinus by fluoroscopy, so that the external therm- 
istor was 10 to 20 mm inside the coronary sinus. 

After control measurements, dobutamine (mean 
dose, 5.1 + 2.5 ug/kg/min) was infused intravenously 
over an average period of 26 minutes. The drug was 
titrated to increase cardiac index by at least 25% 
without development of adverse effects. Coronary 
sinus blood flow was measured by the thermodilution 
technique described by Ganz et al (7). Arterial and 
coronary sinus blood samples were obtained simul- 


918 


ANESTHESIA AND ANALGESIA 
Vol 61, No 11, November 1982 


taneously for determinations of lactate and oxygen 
concentration. Lactate samples were analyzed in du- 
plicate by a modification of the Marbach method (8). 
Blood samples were analyzed immediately for oxygen 
saturation and hemoglobin concentration (IL Co-Ox- 
imeter model 282). Oxygen content (milliliters per 
deciliter) was calculated as: hemoglobin X O2% satu- 
ration X 1.34. Systemic and pulmonary arterial, pul- 
monary capillary wedge, and right atrial pressures 
were recorded and measured on paper using a six- 
channel chart recorder (VR-6 Electronics for Medi- 
cine). Cardiac output was measured in duplicate by 
thermodilution. Arterial blood pressure, electrocar- 
diogram, and the patient’s clinical condition were 
continually monitored. All measurements were re- 
peated after the dobutamine infusion. 

Hemodynamic indices were calculated from pres- 
sure and cardiac output data according to standard 
formulas. Metabolic indices were calculated as fol- 
lows: 

ART (lactate) — CS (lactate) 


lactate extraction ratio = 
ART (lactate) 


where ART (lactate) is the arterial lactate concentra- 
tion (milliequivalents per liter) and CS (lactate) is the 
coronary sinus lactate concentration (milliequivalents 
per liter). 

MVo, = CBF X (ART {oxygen} — CS {oxygen}) 


where MVo, is oxygen consumption of the myocar- 
dium drained by the coronoary sinus (predominantly 
the left ventricular myocardium) and CBF is coronary 
sinus blood flow. 

Statistical evaluation was performed using a paired 
t-test comparing measurements before and after do- 
butamine administration in each patient. Results are 
expressed as means + standard deviation. A “p” 
value of less than 0.05 was considered statistically 
significant. 


Results 


Hemodynamic data before and after the dobuta- 
mine infusion are summarized in Table 1. The pa- 
tients had low cardiac output syndromes before do- 
butamine administration; the cardiac index was low 
(1.64 + 0.4 L/min/m’), whereas heart rate and pul- 
monary capillary wedge pressure were within normal 
limits. Following dobutamine infusion, the cardiac 
index increased 40% (p < 0.05), a response due pre- 
dominantly to an increased heart rate as stroke vol- 
ume index was not significantly changed. This was 
accompanied by significant reductions in systemic 
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TABLE 1 
Hemodynamic Response to Dobutamine in Patients (N = 7} following Coronary Artery Bypass Surgery* 
intervention HR MAP PCWP RA SVR Cl SVI 
beats/min mm Hg dynes-sec-cm`7 L/min; m’? mi/bəat/m* 
Before 7047 85 +12 12+2 10+3 2141 + 806 1.64 + 0.37 23 +5 
After 87 + 4 90 + 14 1024 TtŁ3 1708 + 642 2.29 + 0.860 26 t+ 7 
Significance p<0.05 NS NS p< 0.05 p< 0.05 p< 0.05 NS 





* Values are means + SD. Abbreviations used are: HR, heart rate; MAP, systemic mean arterial pressure; PCWP, mean pulmonary 
capillary wedge pressure; RA, mean right atria! pressure; SVR, systemic vascular resistance; Cl, cardiac Index; SVI, stroke volume 


index; NS, not significant. 


vascular resistance and right atrial pressure. Although 
left ventricular stroke work index increased 36% (30.0 
+ 8 to 40.9 + 16 g-m/m”), this change was not 
statistically significant. 

Myocardial metabolic data are shown in Table 2. 
Dobutamine produced an increase in the calculated 
myocardial oxygen consumption in six patients with 
a mean increase of 29% for the entire group (p < 
0.05). This was accompanied by a parallel increase in 
coronary blood flow in the same patients resulting in 
an overall 35% increase for the group (p < 0.05). The 
mean coronary sinus oxygen content for the group 
remained unchanged. Alterations in the mean global 
myocardial lactate extraction for the entire group were 
not statistically significant. One patient had a slight 
reduction in myocardial oxygen consumption and 
coronary blood flow with an increase in coronary 
sinus oxygen content. 

The two patients who received morphine sulfate 
within 1 hour of the study did not show a different 
response to dobutamine compared with the remaining 
five patients. 

None of the patients experienced an adverse reac- 
tion during the study. Continued electrocardiographic 
monitoring showed no alterations in cardiac rhythm, 
ST segments, or T waves. 


Discussion 


Although dobutamine is frequently used for man- 
agement of low cardiac output following myocardial 
revascularization (4, 5), the myocardial metabolic cost 
imposed by the drug in this setting is unknown. Our 
study examined the myocardial metabolic cost of 
dobutamine, specifically its effects on myocardial ox- 
ygen supply and demand. 

It is important to describe in detail the patients 
studied, because the results obtained in one clinical 
or hemodynamic setting may not apply to all patients. 
Each patient was judged to be completely revascular- 
ized by the surgeon. The study was performed within 
6 hours of the surgery, and the patients had a low 


TABLE 2 


Myocardial Metabolic Response to Dobutamine in Patients 
(N = 7) following Coronary Artery Bypass Surgery* 





CS-O, 
Intervention CBF content MV or MLE 
ml/min mi/dl fal/min % 
Before 101 +45 6121.0 822433 18+ 14 
After 136 + 59 6.3 1.1 106440 21 £17 
Significance p< 0.05 NS p<0.05 NS 





* Values are means + SD. Abbreviatlons used are: CBF, 
coronary sinus biood flow; CS-O2, oxygen content In coronary 
sinus blood; MVo,, myocardial oxygen consumption; MLE, my- 
ocardial lactate extraction. 


cardiac index with heart rate and pulmonary capillary 
wedge pressure within normal limits. . 

This study confirms the beneficial hemodynamic 
effects of dobutamine in patients with postoperative 
low cardiac index, as the cardiac index increased in 
all patients whereas right atrial pressure decreased 
and pulmonary capillary wedge pressure did not 
change. Contrary to results previously reported by us 
and other investigators (4, 5), the improvement in 
cardiac index in our patients was due largely to an 
increase in heart rate rather than to improvement in 
stroke volume index. Although the stroke volume 
index increased by 13%, the increase was not statis- 
tically significant. Differences in findings in patients 
in this study and the patients previously described by 
our group relates to the techniques of surgery and the 
time following surgery at which the study was per- 
formed. The present patients were studied 2 to 6 
hours after surgery in which cardioplegia was used, 
and they were studied when they were still cold (mean 
body temperature = 35°C); whereas the patients pre- 
viously reported by us were operated on using inter- 
mittent aortic cross-clamping with moderate hypo- 
thermia (28°C) without cardioplegia, and the patients 
had been warmed to normal body temperature at the 
time of the study (5). Thus, whatever adverse influ- 
ence hypothermia and cardioplegia may have on my- 
ocardial performance in the first few hours following 
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surgery may have been expressed in the present 
study. Although it is conceivable that the observed 
reduction in systemic vascular resistance may have 
contributed to the left ventricular function in our 
patients, experimental studies suggest that at the 
doses used in this study, dobutamine exerts little or 
no direct effect on arteriolar tone, and therefore the 
reduction of systemic vascular resistance is likely to 
be secondary and reflex in origin. 

There was a significant increase in myocardial ox- 
ygen consumption associated with improved left ven- 
tricular function in our patients. Increased myocardial 
oxygen consumption was almost solely due to in- 
creased coronary blood flow because myocardial ox- 
ygen extraction remained unchanged. An increased 
oxygen demand secondary to tachycardia is the most 
likely explanation for the increased oxygen consump- 
tion; there was a tendency toward a higher rate-pres- 
sure product in our patients during dobutamine in- 
fusion. Despite a significant increase in myocardial 
oxygen consumption, deterioration in myocardial 
metabolic function was not observed as transmyocar- 
dial lactate extraction remained unchanged. These 
findings suggest that increased myocardial oxygen 
consumption associated with the use of chronotropic 
agents following myocardial revascularization does 
not necessarily produce deleterious myocardial is- 
chemia as manifest by adverse metabolic effects. 

Limitations of the technique for measuring coro- 
nary sinus blood flow used in this study have been 
summarized elsewhere (9, 10). We feel this technique 
provides meaningful information regarding the mag- 
nitude and direction of changes in coronary blood 
flow when measured sequentially in the same patient. 
A potential technical criticism relates to the validity 
of comparative coronary sinus blood flow determi- 
nations by the thermodilution technique when right 
atrial pressure is elevated (11). In all patients, the 
positional stability of the catheter in the coronary 
sinus and the absence of major reflux into the mouth 
of the coronary sinus was assessed as suggested by 
Mathey et al (11). Furthermore, there was a decrease 
in right atrial pressure with dobutamine, which should 
decrease coronary sinus reflux. 

Some caution should be introduced concerning the 
myocardial safety of dobutamine in all patients fol- 
lowing myocardial revascularization as derived from 
our data. Alterations in regional myocardial blood 
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flow and regional myocardial metabolism may not be 
reflected in the overall global evaluation of myocar- 
dial metabolic function. Our study could not examine 
regional myocardial pathophysiology, and the re- 


_ gional effects of dobutamine in this setting remain to 


be determined. 

In conclusion, dobutamine in moderate doses im- 
proves cardiac output in patients experiencing a low 
output syndrome following myocardial revasculari- 
zation. Under the conditions of the present study, this 
increase in cardiac index is on the basis of an increase 
in heart rate. Improved left ventricular function is 
usually associated with increased myocardial oxygen 
consumption; however, despite this increased meta- 
bolic cost, global myocardial ischemia is not observed. 
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The charts of 1553 patients who were anesthetized for ambulatory surgery were analyzed retrospectively to determine 
the effect of the type of surgery, the age of the patient, the use of premedication, the duration of anesthesia, and the 
anesthetic technique on the duration of recovery and the rate of complications. In a 4-month period in 1979, 1073 
patients were treated, and another 480 patients were treated during a 2-month period in 1980. Aside from patients 
undergoing dental surgery, the surgical procedure and the extremes of age affected neither the duration of recovery 
(193 + 97 minutes) nor the rate of complications (2.45%). The use of premedicants other than narcotics did not 
prolong recovery. There was no relationship between anesthesia time and the duration of recovery. Patients who 
received local anesthesia had a significantly shorter recovery period than the whole population, and significantly fewer 
patients receiving local anesthesia had to be admitted to the hospital. Thus, arbitrary limits placed on the type of 
surgery, age of the patient, the duration of the procedure, and the use of certain premedication appear to be 


unwarranted. 


Key Words: ANESTHESIA: outpatient. 


nen TAAA AA Aaaa mma 


N RECENT YEARS, there has been a proliferation 

of hospital-based and free-standing ambulatory 
surgical centers throughout the United States. Day 
care surgery in a hospital-based setting has been 
practiced at Hartford Hospital since the 1950s, with 
22,031 ambulatory surgical patients having been cared 
for between October 1975 and October 1981, repre- 
senting approximately 20% of all surgical cases. 

This increase in the number of patients has raised 
serious questions about the criteria for selection of 
suitable candidates for ambulatory surgery and guide- 
lines for their anesthetic management. Type of sur- 
gery, age, use of premedication, duration of anesthe- 
sia, and anesthetic technique have all been proposed 
as criteria for patient selection and guidelines for 
anesthetic care (1-6). Nevertheless, it has not been 
possible to define precisely the factors that contribute 
to a successful outcome of ambulatory surgery. 

This retrospective study reviews 1553 patients who 
underwent surgery and anesthesia at Hartford Hos- 
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pital in the One-Day Surgery Unit, which opened as 
a self-contained unit in 1979. The purpose of this 
review is to determine what effects—if any—age, use 
of premedication, duration of anesthesia, and anes- 
thetic technique may have had on the outcome, i.e., 
the duration of the recovery as well as the rate and 
nature of complications incurred. To assess the value 
of 1 year of experience in operating the newly estab- 
lished, self-contained unit, two time spans, 1 year 
apart, were selected. 


Methods 


Two sets of data were compiled: (a) records of 1073 
patients treated from September through December 
1979, and (b) records of 480 patients treated in Sep- 
tember and October 1980. Surgical procedure, age, 
sex, premedication, anesthetic agent, and technique 
were recorded. Duration of anesthesia, determined as 
the time spent in the operative suite, and recovery 
time, defined as the amount of time between leaving 
the operative suite and discharge from the unit, were 
recorded. All data were coded and processed with an 
IBM 34 series computer, where they were stored, 
sorted, and analyzed. Statistical analysis included lin- 
ear regression to determine correlation, the unpaired 
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Student’s t-test to compare mean values, and the chi- 
square test to determine significant differences in 
frequency. 

The. first set of 1073 patients consisted of 802 
females and 271 males with ages ranging from 4 to 92 
years, mean age of 37 years. The second set of 480 
patients included 317 females and 163 males with 
ages ranging from 9 months to 87 years, mean age of 
37 years (Fig 1). All patients were A.S.A. physical 
status I or Il. 


Results 


The surgical procedures performed were grouped 
into seven categories: general (16.2%), ophthalmologic 
(3.4%), urologic (7.6%), gynecologic (34.2%), otolar- 
yngologic (9%), dental (15%), and orthopaedic (14.6%). 
The relation between the surgical procedure and the 
length of the anesthesia time can be seen in Table 1. 
Ophthalmologic procedures approached the mean an- 
esthesia time for the entire population. General and 
dental surgical, otolaryngologic, and orthopaedic pro- 
cedures were significantly longer, whereas gyneco- 
logic and urologic procedures were significantly 
shorter. The mean anesthesia time for 1073 patients 
anesthetized in 1979 was 46 + 23 minutes with a 
range of 2 to 170 minutes. For the second series of 
480 patients anesthetized in 1980, the mean anesthesia 
time was 45 + 24 minutes with a range of 2 to 215 
minutes. 

Recovery time is used as one of the measures of 
outcome in this study. The mean recovery time for 
the patients in the first set was 193 + 97 minutes in 
contrast to the significantly shorter mean recovery 


1979 


NO. OF 
PATIENTS 156 


1080 


30 


O 16 20 30 40 50 60 70 & 30 
AGE 


time of the second set which was 164 + 86 minutes 
(p < 0.001). The relation between the surgical pro- 
cedure and the mean recovery time can be seen in 
Table 1. Recovery time for gynecologic and otolar- 
yngologic patients did not differ from that of the 
entire population. Patients recovering from dental 
surgery had a significantly longer recovery period. 
The recovery period of 40% of these patients was 
greater than 294 minutes. Patients recovering from 
general surgical, orthopaedic, urologic, and ophthal- 
mologic procedures had a significantly shorter recov- 
ery period. The recovery period of 52% of these 
patients was less than 143 minutes. 

The data in Table 1 indicate that there is no striking 
relationship between anesthesia time and recovery 
time. Orthopaedic procedures, which required the 
longest anesthesia time, resulted in a recovery time of 
155 minutes, which was less than the mean of all cases 
studied. Furthermore, as anesthesia time is increased, 
there is no increase in the duration of recovery, as 
shown in Fig 2. 

The relation between the anesthetic techniques and 
surgical procedures is seen in Fig 3. Analysis of the 
anesthetic agents administered revealed that 76% of 
the patients received general anesthesia preceded, in 
almost all cases, by a thiopental induction. General 
anesthesia agents administered were: nitrous oxide/ 
oxygen 11%, halothane/nitrous oxide/oxygen 22%, 
enflurane/nitrous oxide/oxygen 42%, and narcotic/ 
nitrous oxide/oxygen 25%. Halothane/nitrous oxide/ 
oxygen was the most frequently selected anesthetic in 
the younger age group. In the older age group, local 
anesthesia was most frequently selected, whereas in 
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the middle age group, there was an even distribution 
of anesthetic agents used. 

The relation between anesthetic techniques and the 
duration of recovery (Table 2) reveals that those 
patients who received enflurane had a significantly 
longer recovery period than the population as a whole. 
Twenty-five percent of patients receiving enflurane 
anesthesia had a recovery period greater than 294 
minutes. Patients who received local anesthesia (ie. 
field block or intravenous regional block) nad a sig- 
nificantly shorter recovery period. Sixty percent of 
patients receiving local anesthesia had a recovery 
period less than 143 minutes. 

The number of patients transferred from a day care 


TABLE 1 


Relationship between Surgical Procedure and Anesthesia 
and Recovery Times 


Time 
Procedure A T E EEEE 
Anesthesia Recovery 
min 
Dental surgical 180 57 16T 274 + 78% 
General surgical 193 52 + 257 168 + 87% 
Gynecologic 382 34 + 157 203 + 90 
Ophthalmologic 44 49 +19 122 + 89 
Orthopaedic 109 61 4 31f 155 4 851 
Otolaryngolagic 94 57 O41 178 + 102 
Urologic 77 3t £ 1447 126 £7907 
All procedures 1073 46 + 23 193 + 97 


* Values are means + SD. 
+ Differed significantly (p < 0.005) from mean (46 + 23). 
t Differed significantly (p < 0.001) from mean (193 + 97). 
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Fig 2. Effect of anesthesia time on recovery time. Slope = 


— 0.1092; intercept = 190.5: r = —0.2360. 
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Fig 3. Relationship between anesthetic technique and surgical 
procedures. 
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TABLE 2 
Relationship between Anesthetic Agents and Recovery Time 
Time * 
Anesthetic agents NO. Sree ee ee 
Anesthesia Recovery 
rnin 
LO Ob 97 30 + 10 185 + 85 
Halothane /N.O/0., 170 50 4-24 206 + 100 
Enflurane /N.O/0O, 301 56 + 22 236 + 88t 
Narcotic /N20/0. 231 38 +19 202 + 93 
Local 274 43 + 25 136 + 865 
All agents 1073 46 + 23 193 + 97 





* Values are means + SD. 
+ Significantly longer than mean (p < 0.001). 
t Significantly shorter than mean {p < 0.001). 


unit to an inpatient setting can serve as an index of 
outcome. The percentage of 1553 patients treated at 
our one-day surgery unit who were transferred to the 
hospital was 2.44%. It is demonstrated in Table 3 that 
of the 38 transfers, 0.64% were judged secondary to 
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anesthesia and 1.8% for surgical reasons. Eighty-seven 
percent of the patients transferred to the hospital 
received some form of general anesthesia whereas 
13% received local anesthesia. 

Of those patients admitted to the hospital because 
of anesthetic complications, all received general an- 
esthesia. Even though 76% of the patients studied 
received general anesthesia, the number of compli- 
cations in this group is larger than would be expected 
by random chance according to chi-square test (p < 
0.05). Although the mean anesthesia time (63 + 30 
minutes) for those patients who were admitted was 
significantly longer than the mean anesthesia time for 
the entire population, 71% of these patients had an 
anesthetic that lasted less than 60 minutes. 

The age of the patient might influence the duration 
of anesthesia, recovery, and the incidence of compli- 
cations. In Fig 4 is shown that the duration of anes- 
thesia varied little with age. However, the duration of 
recovery was influenced by age. The younger age 


TABLE 3 
Types of Complications Resulting in Hospital Transfer 
No. of No. of 
Anesthesia related patients Surgery related patients 
Nausea and vomiting 8 Pain 9 
Epistaxls 1 Bleeding 4 
Atrial flutter 1 Temperature 3 
Observation 2 
Surgical misadventure 3 
Errors In diagnosis 7 


RECOVERY TIME 


TIME (minutes) 
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Fig 4. Relationships between age and anesthesia time and age 
and recovery time. 
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groups had longer recovery times with the longest 
times associated with the 10- to 19-year-old group. 
Twenty-seven percent of the 10- to 19-year-old group 
had a recovery period greater than 294 minutes. On 
the other hand, it was the 20- to 49-year-old group 
that comprised 70% of the patients who were trans- 
ferred to an inhospital setting. 

Premedication received by 1553 ambulatory surgi- 
cal patients is listed in Table 4. Approximately 25% 
of the patients received a hypnotic and/or narcotic 
and 40% received atropine. The effect of the use of 
premedication on the duration of recovery time is 
measured by comparing the mean recovery time of 
those patients who received a premedicant with those 
who did not. The data from this comparison (Table 4) 
show that premedication had a marginal effect on 
recovery times, with patients given narcotics having 
significantly longer recovery times than unmedicated 
patients. 


Discussion 


The criteria for the selection of a patient for am- 
bulatory surgery and the guidelines for anesthetic 
management are normally based on the type of sur- 
gery, age of the patient, need for premedication, 
length of anesthesia, and/or technique (1-6). The 
question raised by this study is whether or not the 
surgical or anesthetic stress will alter the patient’s 
physiologic status to such a degree that he will be 
unable to return home the same day following his 
anesthetic and surgical experience. From the data 
presented here and from other studies of one-day 
surgical patients (1, 2, 6-8), there is a basis to evaluate 
the criteria that are currently in use. 


Type of Surgery 
All types of surgical procedures on patients of 


TABLE 4 


Relationship between Premedication Received by 1553 
Patients and Recovery Time 





Type No. Recovery time* 
min 
No premedication 1015 179 +113 
Diazepam 98 168 + 104 
Pentobarbital 25 231 + 88 
Narcotics (meperidine and 388 208 + 101fT 
morphine) 

Hydroxyzine 92 192 + 120 





* Values are means + SD. 
+ Differs significantly from patients not recelving any pre- 
medication (p < 0.001). 
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A.S.A. physical status I or II were accepted by our 
unit as long as the surgeon was confident that his 
patient would be physically and mentally able to 
return home the same day. Except for dental surgical 
procedures, there was no association between the type 
and duration of surgery and the outcome, as deter- 
mined by prolonged recovery and the rate of over- 
night hospital admission. It is recognized that a high 
morbidity follows dental surgery (7, 9-11) even if 
only local analgesia is used. The duration of recovery 
could be prolonged because these procedures are 
associated with considerable pain, bleeding, nausea, 
and vomiting, and may have required the use of 
postoperative narcotics and antiemetics. 


Age of Patient 


Our data confirm the finding that the extremes of 
age are not a deterrent in the selection of ambulatory 
surgical patients (4, 5). Nevertheless, we found that 
certain age groups have less favorable ambulatory 
surgical experiences. 

Although it is not unusual that the younger age 
group was managed primarily with halothane and the 
older age group with local anesthesia, it was surprising 
to observe that the 10- to 20-year age group had the 
longest anesthetics and recovery times. As a large 
percentage of this group of patients underwent dental 
extraction with its aforementioned sequelae, there is 
a rational explanation for this finding. Furthermore, 
it was not the patients at the extremes of the age range 
that experienced the greatest rate of complications, as 
the majority of those patients with complications were 
in the 20- to 49-year age group. 


Use of Premedication 


The use of premedication in the ambulatory surgi- 
cal patient is often a controversial issue. Many anes- 
thesiologists believe that little or no premedication 
should be given because it may either be unnecessary 
or prolong the recovery period even to the point of 
admission to the hospital (1, 4, 5, 12). Others, how- 
ever, feel that premedication may be in the best 
interest of good patient care. Clark and Hurtig (3) 
concluded that premedication with mepericine and 
atropine did not prolong recovery to street fitness 
after outpatient surgery. Furthermore, they (3) felt 
that the addition of preanesthetic medication offered 
the anesthesiologist a patient who was less anxious, 
would undergo a smoother and safer induction and 
maintenance, and would not have a prolonged recov- 
ery state. 


The data in Table 4 show that the preoperative 
administration of hypnotic and tranquilizing drugs 
did not markedly prolong recovery whereas premed- 
ication with narcotics did. Thus, some premedicants 
can be given to ambulatory surgical patients without 
prolonging recovery. 


Duration of Anesthesia 


It has been suggested that the surgical procedures 
carried out in day care units be of short duration (less 
than 1 hour) in order that recovery periods no longer 
than 3 hours be achieved (1, 13). The findings in our 
study suggest that the length of anesthesia did not 
affect the length of the recovery period. Although 
there was approximately a 100-fold range in anesthe- 
sia times, there was only a 40% difference in recovery 
times. Furthermore, there was no correlation between 
the duration of anesthesia and recovery time. Proce- 
dures that resulted in hospital admission had a mean 
anesthesia time significantly longer than the popula- 
tion as a whole, yet the majority of those patients had 
an anesthesia time of less than 60 minutes. Therefore, 
placing an arbitrary upper limit on the duration of 
anesthesia does not seem to be indicated. 


Effect of Anesthetic Agents 


The notion that a specific anesthetic agent or tech- 
nique is ideal for outpatient anesthesia is confusing at 
best (1, 2, 4-6, 12). In our study, patients receiving 
local anesthesia had a significantly shorter recovery 
period than those who received general anesthesia, 
and significantly fewer patients receiving local anes- 
thesia were admitted to the hospital. This finding 
supports the views of those who feel that, when 
suitable, local anesthesia is preferred for ambulatory 
surgical patients (1). 

Whereas there can be little disagreement that the 
anesthetic agents chosen for induction and mainte- 
nance in the ambulatory surgical patient should pro- 
vide the safest induction possible, ideal surgical con- 
ditions, rapid recovery, and minimal postoperative 
morbidity (4), few authors agree on the specific an- 
esthetic agent that will best provide these conditions 
(1, 2, 4-6, 12). In our study, no one general anesthetic 
technique appeared superior to any other. 


Effect of Experience of 1 Year 


Our retrospective study reveals that there is a sta- 
tistically significant shorter recovery period for pa- 
tients treated in 1980. As age, length of anesthesia, 
and anesthetic technique do not seem to affect the 
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duration of recovery, this might reflect the experience 
gained in postoperative management by our anesthe- 
sia and nursing personnel during the Ist year of 
operation of our self-contained ambulatory unit. 


Morbidity 


The number of patients requiring admission to the 
hospital in this study is comparable to the rate quoted 
for hospital-based, one-day surgical units (1). How- 
ever, the percentage of hospital transfers is higher 
than that cited by free-standing centers (5, 14). The 
reason for this difference may reside in a bias built 
into the criteria for hospital transfer. Perhaps, free- 
standing centers transfer patients to the hospital for 
life-threatening complications only whereas hospital- 
based units might admit patients to the inpatient 
service with greater frequency for patient conveni- 
ence, as well as for life-threatening complications. 

In conclusion, it has been shown that ambulatory 
surgical care is appropriate for a wide variety of 
surgical procedures, patients of varying age who are 
A.S.A. physical status I or H, and a wide spectrum of 
anesthetic technique. Arbitrary limits placed on the 
age of the patient, duration of the procedure, and the 
use of premedication other than narcotics appear to 
be unwarranted as recovery appears to be governed 
primarily by the nature of the surgery. 
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Hemodynamic Effects of Intravenous Nitroglycerin: 
Importance of the Delivery System 


W. Alan C. Mutch, MD,* John D. Culligan, MD,} Dennis D. Cote, MSc,= 
and Ian R. Thomson, MD§ 





MutTcuH, W.A.C., CULLIGAN, J. D., Cote, D. D., AND THOMSON, I. R.: Hemodynamic effects of intravenous nitroglycerin: 
importance of the delivery system. Anesth Analg 1982:61:927~32. 


Twenty patients about to undergo elective coronary artery bypass grafting entered a randomized double-blind trial 
comparing the hemodynamic effects of intravenous nitroglycerin (IV NTG) (0.5 ug/kg/min) (n = 9) versus placebo (n 
= 11). After a 20-min Infusion period mean arterial pressure, mean pulmonary arterial pressure, pulmonary capillary 
wedge pressure, central venous pressure, stroke Index, and left ventricular stroke work Index were significantly 
decreased by NTG. Cardiac index was unchanged despite a marked reduction of filling pressures, Indicating improved 
ventricular function. The endocardial viability ratio (DPTI/SPT!) was improved by NTG, suggesting a favorable 
alteration of myocardial oxygen balance. Three additional patients received a larger dose of NTG (0.1 ug/kg/min). 
The hemodynamic effects were similar to, but more profound than, those noted at 0.5 ug/kg/min. The effects of IV 
NTG described here are compatible with a predominant venodllator effect of NTG and occurred at a dose previously 
reported to cause little or no hemodynamic change in a simllar group of patients. We attribute the apparent Increased 
potency of IV/NTG observed in our study to the use of an infusion system that does not adsorb NTG. Previous 
Investigators have used Infusion systems containing polyvinyl chioride (PVC) plastic, a substance that avidly adsorbs 
NTG. The resultant decrease In the administered dose of NTG renders dose-response data invalid when PVC- 
containing systems are used to deliver NTG. 


Key Words: PHARMACOLOGY: nitroglycerin; SURGERY: cardiac; HEART: oxygen consumption, myocardial func- 


tion. 


RGANIC NITRATES are of proven benefit in 

the treatment of patients with CAD (1-3). The 
precise mechanism by which nitrates relieve myocar- 
dial ischemia remains controversial, but administra- 
tion usually results in a favorable alteration of the 
myocardial O2 supply:demand ratio (4, 5). Intrave- 
nous NTG has been used for the treatment of intra- 
operative episodes of myocardial ischemia (6), and 
also for the prevention of ischemic episodes during 
the perioperative period, in patients with CAD (7). 
Accurate information regarding the hemodynamic ef- 
fects of IV NTG in awake premedicated patients with 
stable angina pectoris would be of value to clinicians 


* Senior Resident, Department of Anesthesia. 

ft Associate Professor, Department of Anesthesia. 

f Lecturer, Department of Pharmacy. 

§ Assistant Professor, Department of Anesthesia. 

Received from the Departments of Anesthesia and Pharmacy, 
St. Boniface General Hospital, University of Manitoba, Winnipeg, 
Manitoba, Canada. Accepted for publication July 2, 1982. 

Reprint requests to Dr. Thomson, Department of Anesthesia, 
St. Boniface General Hospital, University of Manitoba, 409 Tache 
Ave., Winnipeg, Manitoba, R2H 2A6, Canada. 


wishing to begin a continuous infusion of IV NTG 
before the induction of anesthesia in patients with 
CAD. Intravenous NTG (1 pg/kg/min) has been re- 
ported to have little or no hemodynamic effect in 
awake premedicated patients with CAD (8). The latter 
information conflicts with our own clinical experience 
with IV NTG. Therefore, we designed a prospective, 
randomized, double-blind trial to compare the he- 
modynamic effects of IV NTG and placebo infusions 
in awake: premedicated patients about to undergo 
elective CABG. Our study confirms our clinical 
impression that IV NTG has significant hemodynamic 
effects at low infusion rates. 


Methods 


Twenty patients about to undergo elective CABG 
entered a double-blind study comparing the hemo- 
dynamic effects of IV NTG versus placebo. Patients 
were assigned at random to receive IV NTG (0.5 ug/ 
kg/min) (n = 9) or placebo (n = 11) infusion. All 
patients had stable angina pectoris and were receiving 
beta-adrenergic blocking agents and organic nitrates. 
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None of the patients were receiving calcitum-channel 
blocking agents. Patients were fasting and had nitrates 
and beta-adrenergic blocking agents withheld from 
midnight prior to surgery. Normal ECG complexes 
were present in leads-IIJ and Vs of all patients. The 
study was approved by the Committee on Human 
Experimentation of the University of Manitoba and 
informed consent was obtained from each patient. 
Premedication consisted of diazepam, 0.15 mg/kg, 
orally 90 minutes before surgery; morphine, 0.1 mg/ 
kg IM; and atropine, 0.007 mg/kg IM, 60 minutes 
before surgery. Nasal oxygen (3 L/min) was admin- 
istered continuously following premedication. Upon 
arrival in the operating room, ECG leads II and C5; 
(9) were continuously monitored and recorded using 
a battery-operated Holter monitor (Del Mar Avion- 


ABBREVIATIONS 


body surface area 

coronary artery bypass grafting 

coronary artery disease 

cardiac index 

cardiac output 

central venous pressure 

diastolic arterial pressure 

diastolic pressure time index/systolic pres- 
sure time index 

electrocardiogram 

heart rate 

left ventricular end diastolic pressure 

left ventricular stroke work index 

mean arterial pressure 

mean diastolic pressure 

mean pulmonary artery pressure 

mean systolic pressure 

nitroglycerin 

pulmonary capillary wedge pressure 

polyvinyl chloride 

pulmonary vascular resistance index 

rate-pressure product 

systolic arterial pressure 

stroke index 

systemic vascular resistance index 

diastolic time 

systolic time 


DERIVED HEMODYNAMIC PARAMETERS 


height (cm)? x weight (kg)™” x 71.84 x 
10* 

CO/BSA 

[MDP — PCWP) x Tp]/MSP x Ts 

[((MPAP — PCWP)/CI] x 79.9 

HR x SAP 

CI/HR 

[(MAP — CVP)/CI] x 79.9 
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ics). Under local anesthesia, intravenous, radial arte- 
rial, and thermodilution pulmonary arterial catheters 
were inserted. Within 5 minutes of cannulation con- 
trol hemodynamic measurements were made. All 
measurements were repeated following 20 minutes of 
IV NTG/placebo infusion. The investigators were 
unaware of whether NTG or placebo was being in- 
fused. Arterial pressure, pulmonary arterial pressure, 
PCWP, and CVP were recorded by a four-channel 
Hewlett-Packard polygraph (model 78304A) and 
transducers (model 1280). Thermodilution CO was 
measured in triplicate using an Edwards Laboratory 
Cardiac Output Computer (model 9520) with an in- 
jectate of 10 ml iced 5% dextrose in water. The 
computer-displayed CO values were used. The coef- 
ficient of variation of the CO measurements was 
+7.7%. Derived hemodynamic variables included HR, 
CI, SI, SVRI, PVRI, RPP, and DPTI/SPTI ratio. The 
DPTI/SPTI ratio was determined by computerized 
planimetry of the arterial pressure trace; the average 
of three representative beats was used. Solutions of 
NTG were prepared by the hospital pharmacy from 
0.6-mg tablets (Eli Lilly Company) dissolved in 0.9% 
sodium chloride. Nitroglycerin was administered by 
Sage pump (model 242) from a polypropylene syringe 
(Becton-Dickinson Company) with polyethylene tub- 
ing (Cobe Laboratories) directly connected to a Teflon 
catheter (Surgikos Company) in a peripheral vein. 
The recovery of NTG administered from this delivery 
system was assessed in vitro by ultraviolet spectro- 
photometry (10) and was found to be 99% during a 
20-minute infusion period. Intragroup changes in he- 
modynamic variables were assessed using Student’s 
t-test for paired data. Intergroup comparisons were 
made using Student’s t-test for unpaired data. 

The hemodynamic effects of IV NTG (1 pg/kg/ 
min) were assessed in three additional patients who 
received a 15-minute infusion. 


Results 


Patients given infusions of placebo and NTG did 
not differ significantly with respect to age, sex, LVEDP 
at the time of heart catheterization, ejection fraction, 
or total daily dose of beta-adrenergic blocking agents 
(Table 1). The majority of patients were receiving 
propanolol; however, one patient in each group was 
receiving nadolol and one patient given NTG was 
receiving timolol. One patient given placebo infusion 
had significant left main CAD. Before infusion of 
NTG or placebo, the groups did not differ signifi- 
cantly with respect to any hemodynamic variable, 
although the difference between groups for the CI 
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approached statistical significance ( p = 0.054) (Table 
2). Following 20 minutes of NTG/placebo infusion, 
significant differences were noted between groups. 
Values for MAP, MPAP, PCWP; CVP, and CI were 
significantly lower following NTG (p = 0.05). The 
DPTI/SPTI ratio was significantly higher with NTG. 
There was no difference noted between groups in HR, 
SI, LVSWI, SVRI, PVRI, or RPP. 

Significant hemodynamic changes were also noted 
among, patients given NTG. Mean arterial pressure, 
MPAP, PCWP, CVP, SI, and LVSWI decreased sig- 
nificantly after 20 minutes of NTG infusion. The 
DPTI/SPTI ratio increased significantly. No change 
in HR, Cl, SVRI, or RPP was noted. The placebo 
infusions were associated with small but statistically 
significant increases in HR and RPP. 

Data from three patients who received 1.0 ug/kg/ 
min of IV NTG for 15 minutes are presented in Table 
3. The changes in this small group were qualitatively 
similar to, but more profound than, those observed at 








TABLE 1 
Patient Data for NTG (n = 9) and Placebo (n = 11) Groups* 
NTG Placebo 

Age (yr) 63.7 + 3.2 56.2 + 2.3 

Weight (kg) 82.4 + 3.4 83.7 + 2.1 

LVEDP at heart catheterization 16.0 + 1.3 15.6 + 1.3 
(torr) 

Ejection fraction (96) 63.6 + 5.0 62.4 + 4.0 

Total dose of beta-adrenergic 147.8 + 24.2 188.0 + 36.3 


blocker (mg of propanolol/ 
day) 


* Values are means + SEM. No significant differences existed be- 
tween groups. Dally dose of all beta-adrenergic blocking agents Is ex- 
pressed as an equivalent dose of propanolol. 


TABLE 2 


the 0.5, ug/kg/min dose. Mean pulmonary arterial 
pressure and PCWP decreased to 6.3 + 3.0 torr and 
2.3 + 1.9 torr, respectively. A significant decrease in 
SVRI also occurred in these three patients. In one 
patient, PCWP decreased from 9 to 1 torr and CVP 
from 5 to 0 torr. These changes were associated with 
a 25% decrease in MAP and a 25% increase in HR. 
When anesthesia was subsequently induced and pos- 
itive pressure breathing instituted, further hypoten- 
sion and tachycardia occurred and ECG changes of 
myocardial ischemia were precipitated. Because of 
these adverse events we considered it unethical to 
study further patients at the 1.0 ug/kg/min dose of 
IV NTG. 


Discussion 


When administered at 0.5 ug/kg/min, IV NTG 
appeared primarily to cause an increase in venous 


TABLE 3 


Hemodynamic Data in Preinfusion Period and after 15 
Minutes of IV NTG (1 pg/kg/min) Infusion (n = 3)* 





Preinfusion 15 min 
HR (beats-min™’) 63.7 + 2.2 81.0 + 6.7 
MAP (torr) 96.0 + 2.1 85.0 + 6.8 
MPAP (torr) 15.0 + 3.2 6.3 + 3.0t 
PCWP (torr) 9.7 + 1.2 2.3 + 1.94 
CVP (torr) 4.7426 171.7 
Ci (L-min7'-m7~?) 2.81 + 0.17 2.81 + 0.38 
St (mi-m-*4) 44.142.4 34.4 + 2.6 
SVRI (dynes- sec-m?- 2821.4 + 225 2429.6 + 241.2t 
cm~") 
PVR! (dynes - se% -m° 147.2 + 5.2 109.4 + 19.7 
om) 
RPP 9098.3 + 728.7 108863.0 + 1468.7 


* Values are means + SEM. 
+ p = 0.05 by Student's Hest for paired data. 


Hemodynamic Data In Placebo {n = 11) and IV NTG (0.5 g/kg/min) (n = 9) Groups In Preinfusion Period and following 


infusion for 20 Minutes* 


Preinfusion 20 min 

Placebo NTG Placebo NTG 
HR (beats-min~') 64.6 t 2.3 60.9 + 4.2 70.4 + 2.2¢ 65.3 + 4.3 
MAP (torr) 101.5 + 3.6 106.1 + 4.8 105.7 + 3.1 93.0 + 4.7} 
MPAP (torr) 22.8 + 2.5 20.8 + 2.7 23.1 + 2.7 13.6 + 1.7łł 
PCWP (torr) 13.2 + 1.9 13.6 41.3 14.7 + 2.7 7.7 + 1.2tt 
CVP (torr) 6.8+1.3 7.94 1.5 6.8 + 1.0 3.6 + 1.0+t 
Cl (L-min7'!.m7*) 2.83 + 0.16 2.42 + 0.10 2.90 + 0.16 2.38 + 0.14+ 
SI (mi.m~*) 43.6 + 2.2 40.3 + 1.3 41.3 + 2.4 36.9 + 2.1f 
LVSWI (g-m-m~?.beat™') 63.1 + 2.5 51.0 + 3.4 51.7 + 2.1 43.6 + 4.6t 
SVRI (dynes-sec m? cm~’) 2757 + 186 3276 + 189 2841 + 229 3025 + 132 
PVRI (dynes-sec-m*-cm~®) 275.4 + 30.9 234.9 + 15.7 244.4 + 24.6 200.5 + 26.4 
RPP 9699 + 572 9672 + 797 10760 + 519t 9440 + 804 
DPTI/SPTI 0.99 + 0.07 1.16 + 0.11 0.91 + 0.07 1.34 + 0.1144 





* Values are means + SEM. 


Ț p s= 0.05 versus placebo by ‘Student's t-test for unpaired data. 


+ 


t p = 0.05 versus preinfusion period by Student's t-test for palred data. 
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capacitance manifested by a decrease in CVP and 
PCWP. This large decrease in preload was associated 
with a significant, but comparatively small, reduction 
in SI. Cardiac index was unchanged by NTG, indicat- 
ing a significant improvement in overall pumping 
function of both right and left ventricles when as- 
sessed in terms of conventional ventricular function 
curves (11). This contention is further supported by 
the lack of significant differences in SI or LVSWI 
between NTG and placebo after 20 minutes of infu- 
sion (Figure). This tendency for CI to be maintained 
despite significant decreases in right and left heart 
filling pressures is typical of NTG effect (3, 12), and 
requires explanation. As HR did not change signifi- 
cantly with NTG, the improved ventricular function 
must be related to changes in impedance to ventricular 
ejection (13), improved myocardial contractility (14), 
or alteration of the diastolic pressure-volume charac- 
teristics of the heart (15). Both MPAP and MAP 
decreased significantly with NTG, indicating that 
impedance to ejection decreased for both ventricles, 
especially the right, and probably contributed to the 
improved ventricular function. Nitroglycerin does not 
directly influence myocardial contractility (3-5), but 
might indirectly have influenced contractility by im- 
proving oxygen delivery to ischemic myocardium 
(16). A baroreflex-mediated change in myocardial 
contractility with NTG seems unlikely in view of the 
insignificant change in HR. 

Alteration of the diastolic pressure-volume char- 
acteristics of the left ventricle may explain much of 





ic ba Placebo 
e NTG n=t1 
ga n=Q 
wH 
20 
nis 5 10 15 
PCWP (torr) 


FIGURE. Effect of nitroglycerin on left ventricular function. Mean 
stroke index (SI) + SEM Is plotted against mean pulmonary 
capillary wedge pressure (PCWP) + SEM after 20 minutes of 
NTG or placebo infusion, respectively. Despite signiflcantly 
lower PCWP with NTG (p s 0.05, Student's t-test), SI did not 
differ significantly between groups, Indicating superior left ven- 
tricular function with NTG. 
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the observed alteration of left ventricular function 
during infusion of NTG. Ludbrook et al (17) observed 
a parallel downward and rightward displacement of 
the left ventricular diastolic pressure-volume relation- 
ship after sublingual NTG was administered to a 
group of patients with CAD undergoing diagnostic 
heart catheterization. No changes occurred in the 
passive elasticity or the time constant (“T”) of relax- 
ation of the left ventricle. They attributed the altera- 
tion in diastolic pressure-volume characteristics of the 
left ventricle to a decrease in external constraint re- 
lated to reduction of right ventricular diastolic load- 
ing. Similar changes in diastolic ventricular function 
have been noted with sodium nitroprusside (18). Al- 
though changes in diastolic function of the left ven- 
tricle are likely secondary to changes in right ventric- 
ular preload, this view has been challenged by Brown 
et al (16) who observed that low-dose intracoronary 
NTG caused a reduction in left heart filling pressures 
in the absence of any systemic hemodynamic changes 
in a group of 11 patients with CAD and segmental 
left ventricular wall motion abnormalities. They at- 
tributed the observed reduction in left heart filling 
pressure to improved coronary blood flow related to 
the significant coronary artery stenosis dilation ob- 
served in their study. 

Whatever the mechanism of the reduced PCWP 
observed in our patients given NTG, it resulted in a 
marked passive reduction in MPAP which must have 
reduced right ventricular impedance remarkably, per- 
haps explaining most of the improvement in right 
ventricular function. 

Intravenous NTG (0.5 pg/kg/min) appeared to ex- 
ert little effect on arteriolar resistance vessels as nei- 
ther SVRI or PVRI changed significantly. The etiology 
of the decrease in MAP with NTG is somewhat 
unclear in view of the statistically insignificant 
changes in both CI and SVRI. A passive decrease in 
MAP secondary to the reduction in CVP should have 
occurred, but is insufficient in magnitude to explain 
all the observed change in MAP. The combined var- 
iability of CI and MAP measurements may explain 
the lack of a statistically significant decrease in SVRI. 
The observed difference in CI with placebo and with 
NTG after 20 minutes of placebo/NTG infusion also 
requires explanation. In fact, the difference between 
groups approached statistical significance during the 
preinfusion period {p = 0.054), and the finding of 
statistical significance after 20 minutes of infusion is 
likely fortuitous and reflects only insignificant addi- 
tional changes. The percent change from control of 
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CI did not differ between groups after 20 minutes of 
placebo/NTG infusion. 

Intravenous NTG (0.5 ug/kg/min) appeared to alter 
favorably the myocardial oxygen supply:demand ra- 
tio. This was evident from the increase in the ratio of 
diastolic to systolic pressure time indices (DPTI/SPTTI) 
noted with NTG (19). The improvement in this 
“endocardial viability ratio” was the result of favora- 
ble alteration of both supply and demand terms of 
the ratio related to reductions in systolic arterial pres- 
sure and PCWP, respectively. The direct coronary 
artery vasodilator properties of NTG also tend to 
influence favorably the myocardial oxygen supply: 
demand ratio (16). 

In contrast to the effects of 0.5 ug/kg/min of IV 
NTG, the data from three patients who received 1.0 
ug/kg/min suggest a more marked hemodynamic 
response. The reduction in preload in this group was 
comparatively profound, and a significant decrease in 
SVRI was observed. The marked decrease in preload 
combined with a decrease in SVRI has the potential 
to cause serious hypotension, especially if other in- 
terventions are superimposed. One of the three pa- 
tients developed hypotension, tachycardia, and ECG 
evidence of myocardial ischemia subsequent to an- 
esthetic induction and institution of positive pressure 
ventilation, during continuous NTG infusion at 1.0 
ug/kg/min. 

In this study, patients in both groups were similar 
and appeared to be drawn from the same population. 
Randomization of patients into placebo and NTG 
groups eliminates time as a confounding variable. 
Thus, hemodynamic differences between groups after 
20 minutes of infusion should represent true drug 
effects. The delivery system used in our study ad- 
sorbed insignificant quantities of NTG when assessed 
in vitro. The plasma half-life of NTG in humans has 
been reported as 1.9 and 2.6 minutes (20, 21). As we 
infused NTG for a 20-min period, a steady-state 
plasma level should have been achieved (22). Thus, 
we are confident that the dose-response data reported 
here are accurate. Nonetheless, caution should be 
exercised in the interpretation of these results. Several 
factors may have tended to accentuate the observed 
response to IV NTG. Overnight fasting without main- 
tenance IV fluids may have caused a mild degree of 
hypovolemia before NTG infusion. Many patients 
were taking long-acting nitrate preparations that were 
withheld during the period of fasting. If a nitrate 
withdrawal syndrome occurred (23), it might have 
elevated the level of venomotor tone before IV NTG 


infusion, consequently accentuating the response. The 
data remain applicable when NTG is infused under 
the same circumstances as in this investigation. 

The substantial hemodynamic effects observed in 
this study occurred at a relatively low NTG infusion 
rate. Landry et al. (8) found that an infusion of IV 
NTG (1.0 pg/kg/min) had minimal hemodynamic 
effects in seven awake premedicated patients with 
CAD about to undergo CABG. An 11.2% decrease in 
PCWP was the only significant change noted in their 
study. The discrepancy between their results and our 
own is probably related to differing methods of NTG 
administration. Landry et al (8) infused NTG through 
a PVC administration set (D. Philbin, personal com- 
munication, 1981). Nitroglycerin is avidly adsorbed to 
the PVC plastic contained in most standard intrave- 
nous bags and tubing (24). Insignificant adsorption of 
NTG occurs with the delivery system used in our 
study. This would result in a marked difference in the 
dose of NTG administered in the two studies. The 
presence of PVC tubing at any point between the 
NTG source and the patient results in the administra- 
tion of reduced concentrations of NTG. The admin- 
istered concentration also changes with time as the 
PVC becomes saturated with NTG. The actual con- 
centration administered depends on the surface area 
of the PVC tubing and the infusion flow rate (25). 
Intravenous NTG is usually infused centrally. Com- 
monly used CVP, pulmonary artery, and introducer 
catheters also contain varying lengths of PVC plastic. 
We have found in vitro that these catheters cause 
further significant NTG adsorption (unpublished ob- 
servations). These factors may explain the relatively 
high doses of NTG required by other investigators to 
produce significant hemodynamic effects during per- 
ioperative IV NTG administration (26-29). The ap- 
pearance of commercially available nonadsorptive 
NTG delivery systems similar to ours (Nitrostat IV, 
Parke Davis; Tridil, American Critical Care) raises the 
possibility of inadvertent NTG overdosage if previ- 
ously published infusion rates are used with these 
systems. 

When administered via a nonadsorptive system 
which excluded PVC, low-dose IV NTG (0.5 ug/kg/ 
min) caused significant hemodynamic effects. A pre- 
dominant venodilator effect, as well as an improve- 
ment in ventricular function, was noted in awake 
premedicated patients about to undergo CABG. These 
hemodynamic effects combined with direct effects of 
NTG on the coronary circulation may result in a more 
favorable myocardial oxygen supply:demand ratio 
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before induction of anesthesia when IV NTG is ad- 
ministered to patients with CAD. 
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Premedication with Intramuscular Midazolam: 
A Prospective Randomized Double-Blind 
Controlled Study 


H. Ronald Vinik, MD,* J. G. Reves, MD,f and Debra Wright, RNE 


Vinik, H. R., REVES, J. G., AND WRIGHT, D.: Premedication with intramuscular midazolam: a prospective randomized 
double-blind controlled study. Anesth Analg 1982;61:933-7. 


One hundred A.S.A. physical status I and Il surgical patients were randomized to receive midazolam, 0.07 mg/kg 
(group M, 31 patients), hydroxyzine, 1.0 mg/kg (group H, 34 patients), or midazolam diluent as a placebo (group P, 
35 patients). Drugs were administered in the vastus lateralis muscle 60 to 90 minutes before anesthesia Induction. 
Anesthesla was induced with thiopental, 3.0 mg/kg, followed by 1.0-mg/kg increments if required. An entry criterion 
was that patients score =50% on a subjective Anxiety Visual Analog Test (AVAT). Anxiety was also objectively rated 
on a six-point scale by a trained observer. Patents and observer were unaware of type of premedication used. 
Midazolam and hydroxyzine produced significantly (p < 0.05) greater reduction of anxiety than placebo on both the 
AVAT and objective anxiety evaluations. Peak onset appeared between 30 and 60 minutes after drug administration. 
Hemodynamic changes were similar in all groups, and no untoward reactions were encountered before anesthesia. 
The injection site 24 and 48 hours after adminlstration showed evidence of mild tissue irritation in 68% of patients In 
group H, 26% of patients In group M, and none of the patients in group P. Midazolam is an efficacious, safe 


premedicant in relatively healthy patients. It has a prompt onset of action with only minimal tissue irritation. 


Key Words: PREMEDICATION: midazolam; HYPNOTICS: benzodiazepines, midazolam. 


IDAZOLAM is an imidazobenzodiazepine the 

pharmacology of which has been shown in 
animals to be similar to other 1-4-benzodiazepines 
(1). It has been used clinically for intravenous induc- 
tion of anesthesia (2-6). It has hypnotic, anxiolytic, 
and amnestic properties that make it suitable for 
preanesthetic medication. Intravenous midazolam 
produces satisfactory premedication (3). The purpose 
of this investigation was to determine the safety and 
efficacy of intramuscular midazolam used for preop- 
erative sedation. To accomplish this purpose, mida- 
zolam was compared with an active compound, hy- 
droxyzine, and placebo using a double-blind random- 
ized experimental design. 


* Associate Professor of Anesthesiology. 

T Professor of Anesthesiology and Director of Anesthesia Re- 
search. 

+ Research Assistant. 

Received from the Departments of Anesthesiology and Anes- 
thesia Research, The University of Alabama Medical Center, Bir- 
mingham, Alabama. Accepted for publication June 7, 1982. 

Reprint requests to Dr. H. R. Vinik, Department of Anesthe- 
siology, The University of Alabama Medical Center, Birmingham, 
AL 35294. 


Methods 


Patients in A.S.A. physical status I or II scheduled 
for elective surgery composed the study population. 
One hundred patients were randomly assigned to one 
of three premedication groups (Table 1). Patients with 
a subjective anxiety score of =50% on an Anxiety 
Visual Analog Test (AVAT) were eligible for partici- 
pation in the investigation. The AVAT is a visual 
analogue quantitative measure of anxiety (Figure). To 
determine the AVAT score, patients are given a sheet 
of paper with a 100-mm length line and asked to rate 
their anxiety along the line (from 0 to 100 mm). Of 
233 patients screened, 133 (57%) were excluded be- 
cause their AVAT score was less than 50. Also ex- 
cluded were patients who had a history of drug abuse 
and/or chronic hypnotic, tranquilizer, and narcotic 
therapy. All patients gave informed consent, and the 
investigation was approved by the Institutional Re- 
view Board of the University of Alabama in Birming- 
ham. 

Test drugs were administered 60 to 90 minutes 
before anesthesia. All medications were given with a 
4-cm, 22-gauge needle in the vastus lateralis muscle. 
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Patients in group M received 0.07 mg/kg of midazo- 
lam hydrochloride (5 mg/ml), those in group H re- 
ceived hydroxyzine 1.0 mg/kg (50 mg/ml), and those 
in group P midazolam diluent in a volume equal to 





TABLE 1 

Three Premedication Experimental Groups 
Group Age Bye Weight Drug dose 

yr kg 

Midazolam 3121.7 56/28 75 444.2 0.07 mg/kg IM 
in = 31) 

Hydroxyzine 30 + 1.8 3/31 70 £ 3.3 1.0 mg/kg IM 
(n = 34) 

Placebo 36 + 1.8 9/26 71 + 2.4 Midazolam 
(n = 35) vehiclet 


* Values are means + SD. 
t Volume of Injection equal to that of midazolam group. 


ANXIETY RATING SCALE 


INSTRUCTIONS: WE WOULD LIKE TO ESTIMATE YOUR PRESENT LEVEL OF ANXIETY 
REGAADING YOUR UPCOMING OPERATION. THE BOTTOM OF THE LINE REPRESENTS 

NO ANXIETY AT ALL AND THE TOP OF THE LINE THE HIGHEST ANXIETY YOU CAN IMAGINE, 
PLEASE MAKE A MARK AT THE LEVEL YOU PRESENTLY FEEL RIGHT NOW, 


YER, VERY MUCH $0 


MO. MOT AT ALL 


FiaurRe. Anxiety Visual Analog Test (AVAT) used to quantitate 
subjective anxiety. Line is 100 mm in length. Patients are told to 
mark line at polnt at which they feel their anxiety level rests. 
Instructions for marking anxiety level are printed above line. 


that given to patients in group M. Anesthesia in all 
patients was induced with thiopental, 3.0 mg/kg IV 
(25 mg/ml), followed by 1.0-mg/kg incremental doses 
if the first and subsequent doses did not induce 
anesthesia. Criteria for anesthesia induction were all 
of the following: loss of response to verbal commands, 
loss of eyelid reflex, and loss of voluntary movement. 

Patients were observed before drug administration, 
15, 30, 45, and 60 minutes after drug administration, 
during anesthetic induction, during emergence from 
anesthesia, and 24 and 48 hours after surgery. The 
double-blind study design consisted of a floor nurse 
administering a known drug to patients who were 
unaware of which drug was administered, combined 
with observations that were made by a different 
trained nurse observer who was unaware of the med- 
ication administered. Measurements in the preoper- 
ative period included systolic, diastolic, and mean 
blood pressures, heart rate, and objective evaluation 
of sedation. The objective assessment of sedation 
consisted of classification of patients into one of six 
groups: hyperactive, awake/alert, awake but drowsy, 
asleep but easily arousable, asleep and difficult to 
arouse, and asleep and not arousable by verbal com- 
mands. These six categories were assigned a numeri- 
cal value from I (asleep/no response) to 6 (hyperac- 
tive). AVAT was performed the night before surgery, 
just prior to premedication, 60 minutes before pre- 
medication and/or just before the patient was trans- 
ferred to the operating room. The observation made 
before transfer to the operating room was defined as 
the last observation. The time required for anesthesia 
induction and amount of thiopental needed were 
recorded. Postoperative nausea and vomiting were 
noted and the injection site was evaluated 24 and 48 
hours after premedication. 

Statistical analysis included computation of mean 
values for variables in each group. Analysis of vari- 
ance or covariance was used to compare groups and 


TABLE 2 
Blood Pressure (BP) and Heart Rate (HR) after Premedication* 
Group M 
n BP HR n 

Before medi- 

cation 30 92+ 2.3 79+ 1.8 33 
15 mint 30 88 + 2.0 78 + 1.8 33 
30 min 29 88 + 1.8 75 + 1.8 32 
45 min 30 93+1.9 87 + 2.6 33 
60 min 25 90 + 2.8 80 + 2.6 30 





Group H Group P 
BP HR n BP HR 
91 + 2.4 77 + 2.1 34 89 + 1.9 78 + 2.2 
92 + 2.0 76+ 1.9 34 88+ 1.8 786 + 1.9 
91+ 2.3 73 ż 2.0 32 90 + 1.7 75 + 2.0 
95 + 2.3 8141.8 34 95 + 1.9 82 + 2.4 
89 + 1.9 78 + 2.3 28 92 + 2.5 82 + 2.3 


* Values are means + SD; n = number of patients. 
+ Minutes after administration of drug or placebo. 
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determine statistically significant (p < 0.05) differ- 
ences. A one-sided test was used for the placebo 
comparison and two-sided tests were used for active 
drug comparisons. Fischer's exact test was used for 
comparison among groups of the incidence of apnea, 
nausea, vomiting, and quality of sedation. 


Results 


The three groups were similar with regard to age, 
sex, weight (Table 1), and race. Blood pressure and 
heart rate values were the same in each group at each 
observation period (Table 2). There was no confusion, 
restlessness, tremor, nausea, or apnea in any patient 
from the time of premedication until the time of 
induction. There were differences among the groups 
in terms of objective degree of sedation (Table 3). The 
mean base line values were similar in all groups, but 
midazolam produced significantly (p < 0.01) better 
sedation than placebo. Midazolam also produced sig- 
nificantly (p = 0.02) lower scores (better sedation) 
than hydroxyzine at the 15, 30, and 60-minute obser- 
vation periods. The results of AVAT are shown in 
Table 4. The base line values were similar in all 
groups, but midazolam produced significantly (p < 
0.01) better scores than placebo at the last observation 
and at the 60-minute period. Midazolam was also 


TABLE 3 
Objective Degree of Sedation after Pramedication 


Interval Mean + SD 
6 5 

Midazolam 

Base line 5.0 + 0.37 2 26 

15 min 4.6 + 0.73tł 0 21 

30 min 3.9 + 0.70Tt 0 6 

45 min 3.9 + 0.70T 0 3 

60 min 3.5 + 0.63tf 0 0 
Hydroxyzine 

Base line 5.0 + 0.17 0 32 

15 min 5.0 + 0.30 1 30 

30 min 4.4 + 0.50f 0 13 

45 min 3.9 + 0.60t 0 4 

60 min 3.9 + 0.58f 0 3 
Placebo 

Base line 4.9 + 0.45 1 29 

15 min 4.9 + 0.38 0 32 

30 min 4.9 + 0.43 0 28 

45 min 4.9 + 0.56 1 27 

60 min 4.9 + 0.60 2 18 


significantly (p = 0.04) superior to hydroxyzine at the 
60-minute observation period, but not different at the 
last observation. Both drugs were superior to placebo 
at the last observation period. In groups M and H 
satisfactory sedation scores were significantly (p < 
0.01) different from group P. The time for anesthesia 
induction was significantly (p < 0.02) shorter in 
groups M (54 + 36.2 seconds) and H (45 + 26.7 
seconds) than group P (73 + 45.1 seconds). The 
induction dosage of thiopental was also significantly 
( p < 0.05) less in groups M (3.2 + .54 mg/kg) and H 
(3.1 + 0.58 mg/kg) than in group P (3.6 + 0.89 mg/ 
kg). Although not significantly different ( p = 0.20), 


TABLE 4 
Subjective Degree of Sedation after Premedication: Anxiety 
Visual Analog* 


Midazolam 


Hydroxyzine Placebo 
Contro! (96) 61 + 22.8 66 = 23.6 62 + 28.3 
(28) (31) (32) 
Last observation 35 + 21.47 44 = 28.7} 51+ 27.7 
(96) (28) (31) (32) 
+80 min (%) 29 + 20.1łł 46 + 30.1 49 + 24.9 


(15) (21) (22) 


* Where % = percent anxiety. Values are means + SD. Number of 
patients is shown in parentheses. 

+ p< 0.01 versus placebo. 

t p < 0.02 versus hydroxyzine. 


Degree of Sedatlon* 


No. of 

4 3 2 4 patients 

2 0 0 O 30 

5 4 0 O 30 
15 8 0 0 29 
18 5 1 Q 27 

9 6 1 C 16 

1 0 0 o 33 

2 0 0 0 33 
18 0 0 0 31 
20 7 6) 0 31 
16 5 0 0 24 

2 2 0 O 34 

1 1 0 (8) 34 

2 1 0 (8; 31 

1 2 O 0 31 

2 1 0 0 23 





* Numerical designations are: 6, hyperactive; 5, awake and alert; 4, awake and drowsy; 3, asleep/easily responds to verbal 
command; 2, asleep /difficult to respond to verbal command; 1, asleep/no response to verbal command. 


+ p < 0.01 versus placebo. 
+ p < 0.02 versus hydroxyzine. 
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TABLE 5 


Evidence (%) of Tissue Irritation at Injection Site after 24 
and 48 hours 


Midazolam Hydroxyzine Placebo 





Pain 26* 68t 0 
Erythema — (a) 6 Q 
Induration 0 6 0 
Swelling 0 9 0 





* p<0.01 versus hydroxyzine and placebo. 
+ p< 0.01 versus placebo. 


there was a trend toward more frequent apnea during 
anesthesia induction in group M (52%) and group H 
(50%) than in group P (33%). 

After surgery, patients in group H (26%) had a 
significantly ( p < 0.05) lower incidence of nausea 
than patients in group M (54%). The incidence of 
nausea in patients in group P was 44%. The incidence 
of vomiting was similar in all three groups of patients 
(group M 21%, group H 10%, and group P 20%). 
Evaluations of injection sites 24 and 48 hours after 
drug administration are shown in Table 5. The inci- 
dence of pain at the injection site, the same at 24 and 
48 hours after injection, was greatest in group H 
(68%), absent in group P, and 26% in group M. The 
incidence of pain was significantly ( p < 0.01) greater 
in group H than in group M. There was a 6% incidence 
of erythema and induration in patients given hy- 
droxyzine and an incidence of swelling of 9% in that 


group. 


Discussion 


Premedication traditionally has several goals: re- 
duction of anxiety, pain, and secretions, and provision 
of basal or background sedation. Of these, the pri- 
` mary purpose of prescribing drugs in the immediate 
preoperative period is to allay patient anxiety. Mida- 
zolam is a hypnotic with anxiolytic properties which 
has been used intravenously for preoperative medi- 
cation (3). Our study was designed so that both the 
patient and observer were unaware of the medication 
(double-blind). Randomization produced groups with 
similar demographic characteristics and all patients 
received the same visits, tests, and treatments. 

The results demonstrate that midazolam may be 
safely given intramuscularly to produce satisfactory 
premedication. Intravenous midazolam can produce 
respiratory depression (7-10), but our study did not 
use tests sensitive enough to detect this potential 
adverse effect. The degree of respiratory depression 
from intramuscular midazolam has not been deter- 
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mined, but presumably it should be similar to the 
respiratory depression associated with intravenous 
midazolam as similar blood levels may be attained 
(11). Also, it is important to realize that the present 
investigation included relatively young, healthy pa- 
tients and the safety of midazolam in older, more ill 
patients has not been demonstrated. 

Midazolam and hydroxyzine proved to be effective 
anxiolytic drugs. Patients had high preoperative anx- 
iety levels (>50% AVAT scores), and both compounds 
were clearly superior to placebo in reducing preop- 
erative anxiety. Midazolam proved to be slightly su- 
perior to hydroxyzine in terms of subjective (AVAT) 
(Table 4) and objective scoring (Table 3) of sedation. 
Fragen and co-workers (12) have reported preliminary 
data also demonstrating efficacy of midazolam for 
intramuscular premedication. In that study, using 
slightly higher doses of midazolam (0.075 mg/kg) and 
hydroxyzine (1.5 mg/kg) in smaller groups of pa- 
tients, midazolam and hydroxyzine were superior to 
placebo in anxiolytic effects. Additionally, in the same 
study, Fragen et al (12) demonstrated that intramus- 
cular midazolam caused significantly greater lack of 
recall than either hydroxyzine or placebo 30 minutes 
after premedication. We did not investigate the 
amnestic properties of the drugs in this study. 

The preoperative interview itself is known to have 
a calming effect (13). Indeed, some anesthesiologists 
subscribe to a pharmacologic nihilism, feeling that 
proper preanesthetic interview, examination, and con- 
sultation obviate the need for preoperative anxiolytic 
drug therapy. The present findings demonstrate 
clearly that despite identical preoperative visits, the 
active compounds, midazolam and hydroxyzine, 
proved significantly superior to placebo in reducing 
patient anxiety. In our experimental setting, the effect 
on anxiety of the preoperative interview per se was 
not examined. 

Of particular interest was the rapidity of onset of 
sedative action associated with midazolam. Fifteen 
minutes after premedication, midazolam had signifi- 
cantly reduced the objective ratings of anxiety from 
a score of 5.0 to 4.5 with the peak effect measured at 
60 minutes. With both active drugs a time-response 
effect pattern emerged, both drugs producing pro- 
gressive effect as time elapsed, whereas the anxiety 
remained constant in patients given placebo injections 
(Table 3). The pharmacodynamic measures of drug 
activity (anxiety levels) are consistent with the phar- 
macokinetic studies. Amrein and co-workers (14), for 
example, demonstrated in six subjects rapid absorp- 
tion of midazolam following intramuscular adminis- 
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tration with peak blood levels after 30 minutes. The 
rapid absorption of intramuscular midazolam con- 
trasts to the more variable absorption of another 1-4- 
benzodiazepine, diazepam (15-17), when given intra- 
muscularly. The vastus lateralis muscle, the site of 
administration in the present study, is known to 
influence favorably the absorption of intramuscular 
benzodiazepines (16). 

The postoperative evaluation of the injection site 
revealed minimal tissue reaction to midazolam (group 
M) and midazolam vehicle (group P). This is not 
surprising as laboratory evidence reveals that mida- 
zolam produces little tissue reaction (18), and this 
confirms the findings of Fragen et al, who also ad- 
ministered midazolam intramuscularly (0.075 mg/kg) 
(12). Water solubility of midazolam occurs only at a 
pH <4.0 (1), but the acid vehicle is nonirritating to 
the muscle. 

Postoperative nausea was more prevalent in pa- 
tients given placebo injections and in patients given 
midazolam than in patients receiving hydroxyzine. 
This probably reflects the known antiemetic effect of 
hydroxyzine (19), as all patients received similar an- 
esthetic drugs and postoperative analgesics. The in- 
cidence of nausea was similar after placebo and mid- 
azolam, which indicates that midazolam has no antie- 
metic action. There was no nausea or vomiting before 
anesthesia in any group. 

In summary, patients premedicated with intramus- 
cular midazolam and hydroxyzine are better sedated 
than are patients given placebo injections. The seda- 
tion results in lower anesthesia induction require- 
ments. There are no untoward side effects associated 
with midazolam and hydroxyzine except for a tend- 
ency toward more apnea during induction. Midazo- 
lam is a safe and effective premedicant when given 
intramuscularly in relatively young, healthy patients. 
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Effect of Nitrous Oxide Solubility on Vaporizer 
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Daniel B. Gould, MD,* Benjamin A. Lampert, MD,* and Thomas N. MacKrell, MDT 


Goun, D. B., LAMPERT, B. A., AND MACKRELL, T. N.: Effect of nitrous oxide solubility on vaporizer aberrance. Anesth 


Analg 1982;61:938-40. 


Concentrations of halogenated anesthetics produced by contemporary vaporizers vary from vaporizer dial settings 
when carrier gas Is not 100% oxygen. This effect is most marked when carrier gas changes from 100% Oz to 100% 
nitrous oxide (N20). Vapor concentrations of halothane and enflurane from vaporizers with 6 L/min carrier gas flows 
were reduced to 3% from 4% until absorption of N2O by the liquid anesthetic ceased. Presaturation of liquid 
anesthetics with N20 eliminated the translent decrease of vapor output. Steady-state outputs of halothane and 
enflurane In 100% N20 were 10% below dial settings. The significance of these changes in administration of closed- 
circuit anesthesia with an out-of-circuit vaporizer Is discussed. 


Key Words: EQUIPMENT: vaporizers. 


SING a flow-over vaporizer for the quantitative 

practice of closed-circuit anesthesia ideally re- 
quires that output concentrations of halogenated an- 
esthetics predictably correspond to the volume-per- 
centage setting of the vaporizer dial. These vaporizer 
settings are calibrated with air as the carrier gas. 
Although vaporizer output is accurate over a wide 
range of Oz flow rates (1), changing the percentage of 
N2O in the carrier gas causes significant variation in 
vaporizer performance. 

We suggest how the solubility of N20 in the halo- 
genated anesthetic liquid and the viscosities of differ- 
ent carrier gases inside the vaporizer can separately 
contribute to variation of vapor concentration output 
from vaporizers. 


Methods 


Eight North American Drager anesthesia machines 
equipped with Vapor 19 halothane and enflurane 
vaporizers and four Ohio anesthesia machines with 
Ohio halothane and enflurane vaporizers were stud- 
ied. Gas composition was measured directly at the gas 
outlet from the machine by a Perkin-Elmer model 
1100 mass spectrometer. A Hewlett-Packard 5840A 
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gas chromatograph was also used to measure concen- 
trations of volatile anesthetics sampled at the same 
site. Gas concentrations were continually recorded by 
an Omega chart recorder. 

The halothane vaporizer was set at the maximum 
of 4%, with a 6 L/min O: flow (Figure, a). Oxygen 
flow was then turned off and a 6 L/min N20 flow 
was turned on (Figure, b) and continued until a stable 
vapor concentration was measured. N2O flow was 
then turned off and oxygen flow restored (Figure, c). 
Next, the halothane was drained from the vaporizer. 
This halothane was saturated with N2O by bubbling 
N2O through the liquid halothane while agitating it. 
The vaporizer was flushed with N2O and then refilled 
with the N20 saturated halothane, poured openly into 
the filling spout. A flow of N20 at 6 L/min was begun 
(Figure, d). For this illustration only, an Engstrom 
EMMA gas analyzer was used. It was calibrated 
against the mass spectrometer and gave readings in 
agreement with vaporizer dial settings, with oxygen 
as carrier gas. The same protocol was used for the 
enflurane vaporizers. Statistical analysis of results was 
made by Student’s paired t-test. 


Results 


All vaporizers showed the same pattern of a tran- 
sient decrease in vapor concentration, when the car- 
rier gas was switched from Oz to NeO (Figure, a and 
b). Nadir was reached in 8 seconds. At 6-L/min carrier 
gas flows, stable “plateau” vapor concentrations were 
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FIGURE. Dräger Vapor 19 halothane concentration with alter- 
nating carrier gas flows (see ‘‘Methods’’). In gap between c and 
d halothane is drained from vaporizer, presaturated with N20, 
and refilled. 


TABLE 


Vapor Plateau Concentrations after Changing Carrier Gas 
from 02 to N20* 


Dial setting 


4 vol% halothane 4 vol% enfiurane 


Drager Vapor 19 3.48 + 0.07f 3.74 + 0.10+ 
(decrease 12%) (decrease 7%) 
Ohio 3.50 + 0.20f 3.38 + 0.118 


(decrease 10%) (decrease 13%) 





* Values are means + SD. 
t p < 0.001. 

ł p < 0.02. 

§p<0.01. 


produced after 1 minute. These new concentrations 
could be continually maintained, until all liquid an- 
esthetic was vaporized. The Drager Vapor 19 halo- 
thane vaporizers set at 4% reestablished a halothane- 
in-N,O output at only 3.48% by volume. Similar 
reductions were seen from the other vaporizers sub- 
jected to this maneuver (Table). 

The values in the Table were the same when meas- 
ured by either a mass spectrometer or a gas chro- 
matograph. 

In separate experiments when Oz flow followed 
N2O (Figure, c) the vapor concentrations increased to 
and reached zenith in 4 seconds. Concentrations then 
returned to original (Figure, a) outputs, slightly vary- 
ing from the vaporizer dial setting, presumably be- 
cause of imperfect temperature compensation (drift). 

Presaturation of halothane with NeO prevented the 
transient decrease in vapor concentration (Figure, b) 


when N20 flow was again begun (Figure, d). Instead, 
steady-state vaporizer output of halothane was instan- 
taneously achieved. The momentary surge of vapor 
output at the beginning of section d in the Figure 
represents the release of some dissolved NeO from 
halothane liquid into the vaporizing chamber, into 
which ambient air had leaked during vaporizer refill- 
ing. Presaturation of enflurane with NeO similarly 
abolished the transient decrease in concentration of 
vaporizer output occurring from a direct switch from 
O to NO. 


Discussion 


Various investigators (1-4) have drawn different 
conclusions concerning vaporizer performance under 
conditions of low flows of carrier gas. Our basic 
findings (Table) are in qualitative agreement with 
measurements reported by Diaz (2) and Lin (1). High 
flow rates of carrier gas were used in our studies to 
determine the final vaporizer output plateaus. Low 
flows of different carrier gases can greatly prolong the 
discrepancy between vaporizer dial settings and actual 
vapor concentrations (reference 1, see figure 6). Thus, 
if a halogenated agent were to be introduced by a 
vaporizer to a closed-circle system at a time of low 
flows of N20, adequate concentrations of halogenated 
vapor could not be generated from the vaporizer, 
despite appropriate dial settings. This problem would 
be especially prominent if 100% Os had previously 
passed through the vaporizer. 

The phenomenon of initial marked decrease in 
vaporizer output (Figure, b, Ist minute) occurred be- 
cause N2O dissolved into the halogenated liquid. The 
solubility of N20 in halothane, enflurane, and iso- 
flurane is approximately 4 ml of N2O per milliliter of 
halogenated anesthetic, as recently has been deter- 
mined with a Van Slyke manometric apparatus (5). 

When saturation of halothane by N2O within the 
vaporizer was complete (Figure, b, plateau) the vapor 
concentrations did not return to original values. With 
NeO as carrier gas, the plateaus of vapor concentra- 
tions were lower (Table). When the NeO solubility 
phenomenon was eliminated in advance (Figure, d) 
the immediate vaporizer output was essentially the 
same as N2O plateau values (Figure, b). This phenom- 
enon presumably occurred because of different divi- 
sions of carrier gas flows inside the vaporizer, de- 
pending on the absolute viscosity of the carrier gas. 
As the carrier gas viscosity decreases, more of it 
passes through the fixed resistance of the internal 
bypass of the vaporizer, and less went through the 
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vaporizing chamber. As Diaz (2) said, “The halothane 
output is inversely proportional to the absolute vis- 
cosity of the carrier gas.” 

The effects of gas viscosity were also in evidence 
by the slower rate of initial decrease in vapor concen- 
tration with N:O (Figure, b) and the more rapid 
increase with Os (Figure, c) as carrier gases. 

The fluctuations of vapor concentration output 
found in this study are the consequences of N2O 
solubility in the liquid anesthetics plus the effects of 
the differences in viscosity of the carrier gases passing 
through vaporizers, which are not designed with a 
means for compensation for differences in gas viscos- 
ity. Stoelting and Nawaf (4) found no significant 
change in vaporizer output of enflurane (with N2O as 
carrier gas at 3 to 8 L/min flows for 10 minutes) from 
Ohio and Cyprane vaporizers over a range of dial 
settings from 0.25% to 4.0%. We were unable to 
duplicate these results (see Table), but instead found 
a definite decrease in vapor concentration. 

When Ox replaced N20 as carrier gas (Figure, c) 
essentially the same quantity of NeO formerly dis- 
solved into the halothane (Figure, b) escaped into the 
passing Oz. The areas bounded by these recorded 
curves and the expected exponential transition curves 
were approximately equal. 

The transient changes in vapor concentrations 
found in the present study reflected the altered flows 
of gases out of the vaporizing chamber, with NeO 
dissolving into and then leaving solution. With ap- 
proximately 100 ml of halogenated liquid anesthetic 
filling vaporizers, saturation and desaturation with 
N:O was achieved in 1 minute. With the 6 L/min 
carrier gas flow used (480 ml/min flow into the 
halothane vaporizing chamber) the saturation with 
NeO of liquid halothane could not have been com- 
pleted in much less than 1 minute. Lin (1) has shown 
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that marked depression of vapor concentration oc- 
curred for up to 1 hour if the switch of carrier gas 
from O2 to NeO was at very low flows. In that 
circumstance there was not sufficient N2O rapidly 
available to saturate the halogenated liquid anesthetic; 
N2O continued to be “trapped” in the liquid and the 
output of vapor concentration remained decreased. 

The performance of flow-over vaporizers can be 
stable (1) with a maximum constant deviation from 
the dial setting of vapor concentrations in the plateau 
range of —10%, provided that the carrier gas compo- 
sition remains constant. Closed-circuit anesthesia 
with an out-of-circuit vaporizer presents the problem 
of changing flow and proportions of Oz and N2O 
passing through the vaporizer. Furthermore, discon- 
tinuation of N20 flow into the closed circuit will cause 
an increase in vapor concentration released into the 
circuit. Use of a single gas, such as N20, through an 
out-of-circuit vaporizer, or syringe injections of hal- 
ogenated anesthetic into the closed circuit are alter- 
natives that would provide a more accurate delivery 
of anesthetic vapor. 
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DELISLE, S., LEBRUN, M., AND Bevan, D. R.: Plasma cholinesterase activity and tachyphylaxis during prolonged 
succinyicholine infusion. Anesth Analg 1982;61:941-4. 


Fifteen patients were studied during general anesthesia (nitrous oxide-fentanyl, N = 7 or nitrous oxide-isoflurane, N 
= 8) to determine the relationship between plasma cholinesterase activity and succinyicholine requirements during 
prolonged infusion. Using train-of-four stimulation, neuromuscular block was maintained at 90% for at least 1 hour, 
and plasma cholinesterase was measured at 30-minute intervals. During the infusion, succinylcholine requirements 
increased in every patient (tachyphylaxis), but there was no significant change in plasma cholinesterase activity. 
Succinylcholine requirements during the 1st hour of infusion in patients given fentanyl! were correlated with preinfusion 
cholinesterase activity. It is concluded that tachyphylaxis to succinylcholine is not the result of increased metabolism 
from enzyme induction and that succinylcholine requirement is related to plasma cholinesterase activity. 


Key Words: NEUROMUSCULAR RELAXANTS: succinylcholine; ENZYMES: plasma cholinesterase; PHARMACOL- 


OGY: tachyphylaxis. 





HEN LARGE doses of succinylcholine are ad- 

ministered by either repeated bolus injections 
or continuous infusion, the rate of administration 
must be increased to maintain a constant level of 
neuromuscular blockade (1-5). The tachyphylaxis is 
associated, in time, with the development of a phase 
Il block and these changes in the characteristics of the 
neuromuscular block occur more rapidly during ni- 
trous oxide-halothane or nitrous oxide-enflurane than 
nitrous oxide-narcotic anesthesia (6, 7). 

Lee (8) proposed that, because the onset of tachy- 
phylaxis and phase II block occurred simultaneously, 
they were causally related and that tachyphylaxis 
resulted from self-antagonism between the depolar- 
izing and non-depolarizing effects of succinylcholine. 
Others have suggested alternative explanations for 
the tachyphylaxis including a change in receptor sen- 
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sitivity to succinylcholine or an increase in its rate of 
metabolism (4). However, serial measurements of 
plasma cholinesterase concentration have not been 
made during prolonged exposure to succinylcholine. 
We measured plasma cholinesterase (PC) concentra- 
tion before and during succinylcholine infusion ad- 
ministered at a rate adequate to maintain a constant 
90% reduction in the force of contraction of the 
indirectly stimulated adductor pollicis which was 
measured using train-of-four stimulation. Studies 
were conducted in patients anesthetized either with 
nitrous oxide-fentanyl or nitrous oxide-isoflurane. 


Methods 


The protocol was approved by the Hospital Ethics 
Committee. After informed consent had been ob- 
tained, 15 healthy adult patients, A.S.A. status I or IL, 
with no known or suspected neuromuscular, hepatic, 
or renal disease, were assigned randomly to receive 
either nitrous oxide-fentanyl or nitrous oxide-isoflur- 
ane anesthesia. Patients in both groups were premed- 
icated with morphine, 0.1 mg/kg, or meperidine, 1 
mg/kg, and atropine, 0.4 to 0.6 mg, intramuscularly. 
Anesthesia was induced with thiopental, 3 to 5 mg/ 
kg, and maintained with 70% nitrous oxide in oxygen. 
It was supplemented by isoflurane, 1% to 2% (in- 
spired) or fentanyl, 0.25 mg, after induction followed 
by 0.1 mg every 30 minutes. After intubation, venti- 
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lation was controlled and the minute volume adjusted 
to maintain an end-tidal Pco, of 35 to 40 mm Hg 
(Hewlett-Packard infrared CO2 analyzer HP47210A). 
Blood pressure and electrocardiogram were recorded 
in all patients. All fluids were administered via a 
heated waterbath and body temperature remained 
greater than 35°C. 

Neuromuscular transmission was monitored ac- 
cording to the method of Ali et al (9). The ulnar nerve 
was stimulated supramaximally at the elbow using 
subcutaneous needle electrodes. Trains-of-four with 
square pulses of 0.2-msec duration at a frequency of 
2 Hz and a train duration of 2 seconds were repeated 
every 10 seconds using a Grass 548 stimulator and a 
SIUS isolation unit. The hand and forearm were im- 
mobilized in a splint and the force of adduction of 
the adductor pollicis was measured with a force~dis- 
placement transducer (Grass FF 10) and recorded 
using a pen-and-ink recorder (Grass polygraph). 

After a stable base line had been obtained, a suc- 
cinylcholine infusion (0.5%) was started using an in- 
fusion pump (IMED), at a rate of 10 to 15 mg/min. 
When the twitch response had disappeared com- 
pletely, the infusion rate was decreased, and the tra- 
chea was intubated. The infusion rate of succinylcho- 
line was then adjusted to keep the first twitch of the 
train-of-four at 10% to 15% of its preinfusion rate. 
Infusion rates were calculated for every 10-minute 
period after the start of the infusion. 

Venous blood samples were taken before induction 
of anesthesia and at 30-minute intervals during suc- 
cinylcholine infusion. Plasma cholinesterase activity 
was measured using a spectrophotometric method 
(10) according to the methods of Kalow and Genest 
(11), Harris and Whittaker (12), and Whittaker (13). 
Dibucaine, fluoride, and chloride numbers were also 
obtained (10). The normal values (+ 1 SD) for our 
laboratory are: plasma cholinesterase activity, 43 to 
69 units/L; dibucaine number, 78% to 85%; fluoride 
number, 57% to 64%; and chloride number, 11% to 
20%. 


TABLE 
Patient Data * 


Age 

yr 
Group 1, fentanyi (two men, five women) 49.4 + 8.7 
Group 2, isoflurane (four men, four women) 50.3 + 4.1 


* Values are means + SEM. 
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The mean values are presented with the standard 
error of the mean as the index of dispersion. Proba- 
bilities were calculated from Student’s t-test for un- 
paired data where appropriate and the null hypothesis 
was rejected when p < 0.05. Regression lines were 
constructed by the least-squares regression method. 


Results 


Both groups of patients were comparable with re- 
spect to sex, age, weight, duration of infusion, and 
total dose of succinylcholine given (Table). 


Infusion Rates 


After the establishment of a 90% neuromuscular 
block, the infusion rates necessary to maintain con- 
stant blockade increased in all patients. The increase 
in infusion rate appeared to be greater and to occur 
more rapidly in patients anesthetized with isoflurane 
(Fig 1), but there was no significant difference in the 
mean infusion rates between the two groups at any 
10-minute interval. 
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Fig 1. Succinyicholine infusion rates required to maintain 90% 
block In patients anesthetized with nitrous oxide-fentanyl or 
nitrous oxide-~-isoflurane. Means calculated from seven patients 
In fentanyl group and eight in isoflurane group except where 
marked (n). 


Succinyicholine infusion 


Weight Dose 
Duration 
Total tst hr 
kg min mgi/kg 
63.7 + 3.6 112.0 + 12.7 8.5 + 1.4 3.7 + 0.4 
65.3 + 3.4 107.6 + 24.4 7.8 + 1.1 5.0+ 0.8 
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Plasma Enzyme Activity 


The mean values of PC activity before commencing 
infusion were within the normal range, and measure- 
ments of dibucaine, fluoride, and chloride numbers 
demonstrated that every patient was homozygous for 
the normal enzyme. During the infusion there was no 
significant change in PC activity. There was no evi- 


_dence of induction of PC activity in any patient and 


the results were similar during both nitrous oxide- 
fentanyl and nitrous oxide-isoflurane anesthesia. 


Plasma Cholinesterase Activity-Succinylcholine 
Requirement 


There was a linear relationship between preinfusion 
PC activity and the succinylcholine requirement to 
maintain constant blockade during the 1st hour of 
infusion (Fig 2) (r = 0.8; p < 0.05). Values for patients 
given isoflurane were not included because patients 
in this group developed an earlier tachyphylaxis with 
wide interpatient variation. 


Discussion 


The use of continuous infusion of succinylcholine 
in this study has advantages in studying the charac- 
teristics of the neuromuscular block produced by 
long-term succinylcholine infusion. First, by avoiding 
an initial bolus, the development of train-of-four fade 
can be seen easily. Second, by maintaining an intense 
neuromuscular block, 90%, the appearance of phase 
II block occurs earlier because the depth of neuro- 
muscular block affects the degree of fade (14). 

All subjects in the present study developed tachy- 
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Fia 2. Relationship between preinfusion plasma cholinesterase 
activity and succinylicholine requirements during ist hour of 
infusion. 


phylaxis and a train-of-four fade of greater than 50% 
(phase Il block) within 1 hour of commencing the 
succinylcholine infusion. The changing characteristics 
of the block were associated with no significant 
change in PC activity. The increasing succinylcholine 
requirements were thus not the result of increased 
metabolism brought about by enzyme induction. 
Therefore, we support Lee and co-workers (3) who 
suggested that the tachyphylaxis resulted, at least in 
part, from self-antagonism of the non-depolarizing 
block by the excitatory effects of succinylcholine. The 
non-depolarizing blockade may result either from the 
phase II action of succinylcholine or by the effects of 
inhalation anesthetics at the neuromuscular junction 
(15, 16), which would explain the earlier appearance 
of tachyphylaxis and phase II block with enflurane 
(7) and isoflurane anesthesia. 

Succinylcholine requirements to maintain 90% neu- 
romuscular block varied between 2.45 to 5.0 mg/kg/ 
hr in the patients anesthetized with nitrous oxide- 
fentanyl. The drug requirement was correlated signif- 
icantly with the preinfusion PC activity (Fig 2) despite 
the small number of patients studied, a finding also 
reported by Stoddart (17). Some (18, 19), but not all 
(20), investigations have found correlations between 
the duration of apnea and PC activity after single 
bolus doses of succinylcholine. Viby-Mogensen (21) 
studied 70 genotypically normal patients and found 
inverse linear relationships between the PC activity 
and the duration of apnea and the time to 100% 
recovery of twitch height. However the variation in 
the duration of apnea was small when PC activity was 
in the normal range. It is probable that PC activity is 
more critical for continued metabolism of succinyl- 
choline during prolonged infusion. 
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Localized Clonic 
Convulsions after Spinal 
Anesthesia with Lidocaine 
and Epinephrine 


Arvind V. Nadkarni, MD,* and 
Antappa S. Tondare, MDT 


The subarachnoid injection of vasoconstrictors to 
prolong spinal anesthesia has been used since 1903. 
Transient neurologic complications during and im- 
mediately after spinal anesthesia are rare; however, 
we recently encountered a case of such a complication 
using lidocaine and epinephrine which warrants com- 
ment. 


Case Report 


A 45-year-old woman, A.S.A. physical status I, was 
admitted for abdominal hysterectomy for hydatidiform 
mole, Her past medical history was negative, and she was 
found to be in good general health. Her pulse rate was 88 
beats per minute, blood pressure 120/80 mm Hg, weight 53 
kg, and height 160 cm. Skin over the back was normal with 
no bony deformity of the spine and no neurologic abnor- 
malities in the lower extremities. Hemoglobin was 9.0 g/dl; 
urinalysis and chest roentgenogram were normal. 

Preanesthetic medication with intramuscular meperidine, 
50 mg, and promethazine, 25 mg, was given % hour before 
surgery. When wheeled into the operating room, the patient 
was well sedated. Uneventful lumbar puncture in left lateral 
position with a 23-gauge needle at the L3-4 interspace was 
performed with ease, and 1.5 ml of a solution of 5% lido- 
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caine in 7.5% dextrose, to which 0.1 ml of epinephrine 
1:1000 was added, was slowly injected. The patient was 
then turned to the supine horizontal position and the legs 
elevated by 10°. After 5 minutes the level of analgesia to 
pin prick was at T-6. 

The intraoperative period was uneventful. The patient 
remained sedated with pulse rate between 80 and 100 beats 
per minute and blood pressure 100 to 120 mm Hg systolic. 
Hysterectomy with bilateral salpingo-oophorectomy was 
performed. She received 1500 ml of crystalloid fluids and 
300 mi of whole blood intravenously; estimated blood loss 
was 350 ml. Surgery lasted 1 hour 40 minutes, at the end of 
which the incision site was still anesthetized and level of 
pin-prick analgesia was at T-8. 

The patient was transferred to the recovery room with 
intravenous fluids running and legs elevated. After 15 min- 
utes the patient complained of tightness and discomfort at 
the site of the incision. Analgesia had regressed to T-11 
dermatome, and meperidine (25 mg) was given intrave- 
nously. Within the next 4 to 5 minutes the patient, still 
complaining of pain at the site of the incision, suddenly 
developed bilateral plantar flexion followed by a burst of 
clonic contractions of the muscles of the abdomen, low 
back, thighs, and legs, which lasted for approximately 5 
seconds. This was associated with severe pain at the site of 
the incision, The convulsions were limited entirely to the 
part of the body that had been anesthetized by the spinal 
anesthesia. The patient remained fully conscious, awake, 
and well oriented, Subsequent convulsions occurred at in- 
tervals of approximately 2 to 3 minutes and lasted 5 to 7 
seconds. The patient became apprehensive due to pain and 
started supporting her abdomen with her hands during the 
convulsions. Verbal reassurance and oxygenation with 100% 
oxygen were in vain and, to our surprise, the duration, 
severity, and frequency of convulsions gradually increased. 
The pulse rate increased to 130 beats per minute, with a 
systolic blood pressure of 130 mm Hg, and she started to 
hyperventilate between convulsions. Intravenous diazepam 
(10 mg) was then given slowly and within 3 to 4 minutes 
the convulsions ceased, and the patient went to sleep. 

Approximately 15 minutes after the diazepam was given, 
when the patient was sedated but easily arousable and 
cooperative, and when we were convinced that the convul- 
sions had been controlled, sensory levels of analgesia and 
motor power were tested. The level of sensation to pin- 
prick was L-4 segment with quadriceps femoris function 
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graded as 4 of 5. The patient was observed closely for the 
next 24 hours but no further convulsions occurred. 

Findings of a complete neurologic examination 48 hours 
after the anesthetic were normal. The patient remained in 
the hospital for 1 month for pregnancy tests and prophy- 
lactic chemotherapy; reexamination before discharge again 
showed no neurologic abnormality. 


Discussion 


Moore et al (1) studied three vasoconstrictors with 
tetracaine solution for spinal anesthesia in 8851 pa- 
tients and found that epinephrine, 0.2 mg, safely and 
consistently prolonged the duration of analgesia by 
50%. Park et al (2) also reported a 53% increase in 
duration and safety using a similar technique. In a 
double-blind study, Chambers et al (3) compared the 
duration of spinal anesthesia using plain lidocaine 
with those when different volumes (0.1, 0.2, 0.3 ml of 
1:1000) of epinephrine were added to it. They re- 
ported a significant increase in mean time for com- 
plete sensory and motor recovery with epinephrine 
but no significant difference between solutions of 
different concentrations of epinephrine. These reports 
and the reports of others on the use of single-dose 
intrathecal epinephrine with spinal anesthesia con- 
firm that neurologic complications, either transient or 
permanent, are extremely rare. 

Absence of any neurologic abnormality in the pres- 
ent case before or after the anesthetic excludes the 
possibility of exaggeration of preexisting spinal cord 
disease by the anesthetic. Trauma to the cauda equina 
as a cause of the convulsion was unlikely as the 
muscles involved in the convulsions are innervated 
from spinal segments as high as T-6. The restriction 
of the convulsions to the areas denervated by the 
spinal anesthesia suggest that the convulsions were a 
manifestation of abnormal spinal cord function asso- 
ciated with the anesthesia, possibly transient hypoxia 
of the cord due to ischemia. 

There is a considerable individual variability in the 
blood supply to the human spinal cord but almost 
always the anterior spinal artery, which supplies the 
anterior two thirds of the cord, has poor collaterals 
and poor reinforcing anterior radicular arteries. In 
some individuals only a single large artery, the arteria 
radicularis magna, may be responsible for most of the 
blood supply to as much as the distal two thirds of 
the spinal cord (4). The exact position of this artery 
varies but it arises from the aorta in the lower thoracic 
or upper lumbar vertebral levels and approaches the 
spinal cord along one of the ventral nerve roots. 

Transient interruption of blood flow to the spinal 


946 


ANESTHESIA AND ANALGESIA 
Voli 61, No 11, November 1982 


cord in man leads to functional as well as structural 
changes. The vulnerability of the cord to such an 
insult has been shown by Gilles and Nag (5) to be 
greater caudally and to involve motor neurons more 
often than sensory neurons. Zuber et al (6) reported 
five cases in which anterior spinal artery syndrome 
developed, resulting in paraparesis or paraplegia fol- 
lowing abdominal aortic surgery, due to transient 
interruption of the blood flow to the spinal cord. They 
stated that transient damage occurs after 15 minutes 
and permanent damage after 20 minutes of occlusion, 
which is aggravated by arterial hypotension. 

The classic experiments done in rhesus monkeys 
by Wu et al (7) help in understanding the clinical 
picture observed in the present case. In their study, 
done under thiopental anesthesia, a single subarach- 
noid injection of 0.3 mg/kg of epinephrine led to 
hyperextension, rigidity, and tremors of the muscles 
of the hind limb 2 to 3 minutes following the injection. 
With 0.6 mg/kg of epinephrine, the effects were more 
severe and more prolonged and were associated with 
a vigorous quadriceps response to weak peripheral! 
stimuli with intensification of tremor, indicating a 
state of hyperalgesia and hyperreflexia. However, the 
neurologic changes they observed were transient and 
were followed by complete recovery. They compared 
their results with those of several other workers who 
produced acute anoxia of the cord in animals and 
who observed similar neurologic signs with subse- 
quent histologic preparations showing degeneration 
of the anterior horn cells. From this Wu et al (7) 
concluded that the neurologic effects observed in their 
study with subarachnoid epinephrine were due to 
hypoxia following reduction in the blood supply to 
the cord through the vasoconstrictor action of epi- 
nephrine. In the case we have presented, we believe 
that the epinephrine injected with the local anesthetic 
produced spinal cord ischemia with hypoxic irritabil- 
ity, which was manifested as the anesthesia wore off 
and somatic motor nerve function returned. However, 
we cannot rule out the possibility of an anomalous 
blood supply to the spinal cord (8) as a contributory 
cause. 

A case reported by Fox et al (9) bears some simi- 
larity to the one presented here. After spinal anesthe- 
sia, a 57-year-old woman who had been given tetra- 
caine and epinephrine developed myoclonus in the 
lower extremities, and Fox et al attributed this to the 
action of the local anesthetic drug on the cord itself. 
Because myoclonus is an extremely rare complication 
of spinal anesthesia, they did not rule out the possi- 
bility of latent spinal cord disease; however, they did 
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not consider the possibility that epinephrine may 
have affected spinal cord function. The possible etiol- 
ogy of myoclonus associated with spinal anesthesia is 
parenthetically discussed by Greene (10). The concen- 
tration of local anesthetics in the spinal cord is greater 
posteriolaterally than anteriorly, and with regression 
of anesthesia, continued blockade of inhibitory neu- 
rons in posteriolateral columns might have persisted 
beyond the time when anesthetic concentrations in 
anterior motor columns had decreased below effective 
concentrations, thus resulting in clonus. 

Diazepam in clinical doses has been shown to have 
a direct effect on the function of human spinal cord 
(11), including depression of afferent input through 
the dorsal root within 3 minutes after intravenous 
administration. Ngai et al (12), however, have shown 
that in cats the spinal cord is relatively resistant to 
depression by diazepam, and they suggest that inhi- 
bition of polysynaptic cord reflexes is mediated 
through supraspinal structures, most likely reticular 
facilitatory system. We found, nevertheless, that in 
the present case effective suppression of clonic con- 
vulsions, which we believe were possibly due to 
increased spinal cord irritability secondary to cord 
ischemia, was achieved with approximately 0.2 mg/ 
kg of diazepam given intravenously. 

In summary, we present a case in which we hy- 
pothesize that epinephrine injected into the subarach- 
noid space in conjunction with spinal anesthetic 
caused spinal cord ischemia, with resultant transient 


and localized seizure activity that was rapidly and 
effectively controlled with intravenous diazepam. 
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Persistent Sixth Cranial 


Nerve Paresis following 
Blood Patch for Postdural 
Puncture Headache 


Harold J. Heyman, MD,* 
M. Ramez Salem, MD,7} and 
Inessa Klimov, MD} 


The incidence of abducens nerve paresis following 
lumbar puncture has been reported as varying be- 
tween 1 in 5000 to 1 in 8000 cases (1, 2). It is almost 
always associated with postlumbar puncture headache 
(2). The incidence of sixth nerve weakness increases 
after puncture with large-gauge needles (2), as does 
the incidence and severity of the accompanying head- 
ache (3). Epidural blood patch has been a highly 
effective mode of treatment (4) for the headache. We 
present a case of abducens nerve paresis associated 
with a postdural puncture headache in which the 
headache was relieved and the nerve weakness per- 
sisted. 


Case Report 


A 34-year-old white woman was admitted in the 35th 
week of pregnancy because of ruptured membranes. She 
was not in labor. Two years before admission, a laparotomy 
had been performed to remove multiple uterine leiomy- 
omata. There were no medical problems and no previous 
history of headache or diplopia. A cesarean section was 
planned for the next morning because of the previous 
surgery and the presence of ruptured membranes. Lumbar 
epidural anesthesia was explained to the patient. 

The patient received sodium citrate, 0.3 m, 30 ml orally, 
1 hour before arrival in the operating room. The patient was 
placed in the sitting position for the initiation of epidural 
anesthesia at the L2-3 interspace using a 17-gauge Tuohy 
needle. Cerebrospinal fluid was, however, obtained. The 
needle was withdrawn and placed in the epidural space at 
the L3-4 interspace. A catheter was advanced 1 cm into the 
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epidural space and taped in place. Again, however, clear 
fluid could be easily aspirated from the catheter in both the 
sitting and supine positions. With the catheter apparently 
in the subarachnoid space, it was decided to induce spinal 
anesthesia. Tetracaine, 12 mg, hyperbaric with glucose 10% 
was therefore injected in incremental doses. This resulted 
in anesthesia only of the right leg after 10 minutes. General 
anesthesia was then administered using thiopental, N20- 
Oz, and a muscle relaxant before delivery of the baby. 
Apgar score was 9 at 1 and 5 minutes. After extubation, the 
catheter was removed, 

The patient complained of severe fronto-occipito-nuchal 
headache, which worsened when erect, on the Ist postop- 
erative day. On the 3rd day, dizziness and double vision 
also developed. Hydration was increased to 4000 ml/day. 
On the 4th day, 15 ml of autologous blood was injected 
into the epidural space at the L2-3 interspace. The headache 
was immediately relieved, but diplopia persisted in both 
supine and upright positions. Ophthalmologic consultation 
noted right esotropia in primary gaze. The patient was 
discharged on the 6th postoperative day with an eye patch 
for the right eye. The double vision gradually resolved in 6 
weeks. 


Discussion 


Smith (5) attempted to prevent the headache fol- 
lowing an inadvertent dural puncture with a large- 
gauge epidural needle by serial administrations of 
saline over a 24-hour period through an epidural 
catheter placed in the epidural space at an interspace 
different from the puncture site. This reduced the 
incidence of headache to 7.7% from 64.6%. We ini- 
tially tried this approach after the “wet tap,” but were 
prevented from following through when it was found 
that cerebrospinal fluid could be aspirated through 
the catheter. We thought a second dural hole had 
been produced and abandoned regional analgesia 
after our spinal anesthesia using the catheter failed. 

Abducens nerve paresis most frequently arises 2 to 
5 days following the dural puncture (2). Although the 
condition usually resolves in 6 to 8 weeks (1), it 
remains a distressing symptom during this time. Low 
cerebrospinal fluid pressure is present in both post- 
puncture headache and sixth nerve weakness, sug- 
gesting a common etiology (1, 2). The mechanism of 
avducens nerve weakness in these cases is thought to 
involve stretch and resultant injury to this long nerve 
(2). Low cerebrospinal fluid pressure causes descent 
of the medulla and pons in the cranial cavity in the 
upright position. The abducens nerve is then stretched 
because it is fixed between its origin at the pons and 
its position in the cavernous sinus. Before the nerve 
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enters the sinus it passes over the sharp edge of the 
apex of the petrous portion of the temporal bone. 
Stretch of a long nerve that is fixed in position may 
also play a role in injuries of the recurrent laryngeal 
nerve (6). The current treatment for abducens weak- 
ness of this origin is to cover the affected eye with a 
patch until the diplopia improves. If the diplopia is 
severe and fails to improve within 6 months, a surgical 
procedure involving rectus muscle fusion can be con- 
sidered (7). 

On the basis of our experience with this case, we 
recommend that if significant headache occurs follow- 
ing dural puncture with a large-gauge needle, imme- 
diate supine bed rest be instituted to prevent stretch 
and resultant damage to the sixth nerve, until epidural 
blood patching can be performed. 
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Correlation of Peripheral 
Venous and Arterial 
Blood Gas Values during 
General Anesthesia 


Donald C. Williamson III, MD,* and 
Edwin S. Munson, MD} 


Blood in veins on the back of the hand is derived 
primarily from cutaneous blood flow that is markedly 
increased by various inhalation anesthetics (1, 2). 
France, Eger, and Bendixen (3} have shown that this 
combination of cutaneous vasodilation and increased 
blood flow is sufficient to “arterialize’ peripheral 
venous blood during general anesthesia. Their study 
showed that carbon dioxide partial pressures in pe- 
ripheral venous blood (Pvco,) can be used to assess 
ventilation adequately during general anesthesia with 
a variety of agents. (The lower case “v” used through- 
out this paper represents peripheral venous blood.) 
However, oxygen partial pressure in peripheral ve- 
nous blood (Pvo,) was less reliable as an indicator of 
arterial oxygenation. The previous work did not eval- 
uate the relationship between venous and arterial Pco, 
[P(a-v)COg]} and PO; [P(a-v)O.] with regard to specific 
anesthetics and was performed before the clinical 
availability of isoflurane. 

The purpose of this study was to assess the validity 
of using peripheral venous blood to evaluate the 
adequacy of ventilation and oxygenation during clin- 
ical anesthesia with isoflurane, enflurane, or halo- 
thane. The new agent, isoflurane, is of particular 
interest because of the marked increase in cutaneous 
blood flow that occurs with this agent (1). 


Methods and Materials 


Forty-eight male patients ranging in age from 36 to 
72 years were anesthetized with isoflurane (n = 15), 
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enflurane (n = 16), or halothane {n = 17) in combi- 
nation with concentrations of nitrous oxide ranging 
from 20% to 70% (mean 58%). Paired blood samples 
were drawn simultaneously from a radial artery and 
from a cannula placed in a vein on the back of the 
hand of each patient. All blood samples were drawn 
during a steady state of ventilation, i.e., 15 minutes 
after any change in ventilatory rate, tidal volume, or 
Fio, during the first hour of anesthesia. All patients 
were normotensive and none received blood transfu- 
sion or vasoactive drugs. This protocol was approved 
by the University’s Committee for the Protection of 
Human Subjects. 

Blood obtained through indwelling catheters was 
sampled (1.5 ml) after withdrawing a volume equal to 
at least 6 times (3 ml) the dead space of the catheter 
in order to prevent hemodilution by flush or intra- 
venous solutions (4). An adequate sample of venous 
blood could always be obtained without the use of a 
tourniquet or application of heat to the hand. All 
blood samples were collected anaerobically in hepa- 
rinized syringes and analyzed immediately for Pco, 
Po, pH, hemoglobin, and calculated base excess by 
using a Radiometer ABL-1 analyzer. Oxygen content 
was calculated using the method described by Ruiz et 
al (5). Comparisons between the anesthetics were 
accomplished by performing a one-way analysis of 
variance on each variable. In instances when the 
analysis of variance was significant, Duncan’s multi- 
ple range test was performed to determine which of 
the groups differed. A paired difference t-test was 
performed to evaluate the difference between the 
arterial and the venous measurements with each of 
the three anesthetics. Multiple regression analysis was 
used to evaluate the correlation between the arterial 
and the venous measurements, 


Results 


Arterial Pco, was 36.9 + 11.0 torr (mean + SD) with 
a range from 19.8 to 68.6 torr. Arteriovenous Pco, 
differences for each anesthetic are shown in the Table: 
P(a-v)COz values ranged from —1.2 + 1.6 torr (mean 
+ SD) during anesthesia with isoflurane to ~1.6 + 
1.6 torr (mean + SD) with halothane. No significant 
difference (r = 0.03) was observed between P(a-v)CO2 
values and the inspired nitrous oxide concentrations. 
Values for Pvco, plotted as a function of values for 
Paco, are shown in Fig 1. Arteriovenous pH differ- 
ences were 0.01 + 0.01 during anesthesia with iso- 
flurane and enflurane and 0.02 + 0.02 with halothane. 
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TABLE 


Differences in Arteriovenous Values during Anesthesia with 
Three Inhalattonal Anesthetics * 


Isoflurane Enflurane Halothane 

(n = 15) (n = 16) (n = 17) 
Poo, (torr) —1.2 ł 1.6 -1.5 2.1 — 1.6 + 1.6 
pH 0.01 + 0.01 0.01 + 0.01 0.02 + 0.02 
BE (meq/L) 0.08 + 0.56f 0.03 + 0.75+ 0.20 + 0.33 
PO? (torr) 48.5 + 36.8 39.4 + 29.1 56.8 + 52.1 
Os content 0.65 + 0.98 0.57 + 0.44 0.69 + 0.46 

(vol%) 


* Values are means + SD. 
+ With these exceptions, all artarlovenous values were significantly 
different at the 0.05 level. 


Mean values for arteriovenous base excess differences 
ranged from 0.03 meq/L during anesthesia with en- 
flurane to 0.20 meq/L with halothane. 

Arterial Po, was 146.5 + 61.1 torr (mean + SD) with 
a range from 41.2 to 365 torr. Mean P(a-v)Oz2 values 
ranged from 39.4 + 29.1 torr during anesthesia with 
enflurane to 56.9 + 52.1 torr with halothane. Corre- 
sponding mean arteriovenous oxygen content differ- 
ences ranged from 0.57 + 0.44 vol % to 0.69 + 0.45 
vol %. Venous oxygen content (Cvo,) values plotted 
as a function of arterial oxygen content (Cao,) are 
shown in Fig 2. With the exception of base excess, no 
significant differences among any of these values were 
observed that were related to the anesthetic agents. 


Discussion 


We have shown that, during general anesthesia 
with isoflurane, halothane, or enflurane in combina- 
tion with nitrous oxide, values for peripheral venous 
Poo, pH, and base excess approximate arterial values 
closely enough to evaluate the adequacy of ventilation 
and acid-base status. In contrast to Pvco, values, Pvo, 
values were significantly lower than their paired ar- 
terial values. Although cutaneous blood flow is in- 
creased an average of 5-fold during light levels of 
isoflurane anesthesia (1), the P(a-v)Oc during isoflur- 
ane anesthesia was not significantly different from 
that observed during either enflurane or halothane 
anesthesia. 

We observed a greater range of values for P(a-v)Oz 
than were reported by France et al (3). The mean Pao, 
in our study was 147 torr and the mean P(a-v)Og 
difference was 48.8 torr. The previous study (3) re- 
ported a mean Pao, value of 107 torr and a P(a-v)O2 
of only 21 torr. Apparent discrepancies between these 
P(a-v)O2 values and those we observed, as well as 
among individual values for our patients, are resolved 
when oxygen content rather than oxygen partial pres- 
sure is considered. This is because arterial admixture 
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Fig 1. Values for Pvco, plotted as function of Paco, values In 48 
patients during anesthesia with either isoflurane, enflurane, or 
halothane. Regression line is shown; correlation coefficient = 
0.99, slope = 0.93, and intercept = 4.08. 
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Fig 2. Values for Cvo, are compared with Cao, values in 48 
patients. Regression line is shown; correlation coefficient = 
0.95, slope = 0.95, and intercept = —0.17. 


is determined not only by the Pao, but also by the 
shape of the oxyhemoglobin dissociation curve. Ac- 
cordingly, in our study, mean values for C(a-v)Oz for 
the three anesthetics studied ranged from 0.57 to 0.69 
vol %. 

The relationship between arterial and venous oxy- 
gen content is seen in Fig 2. Because the absolute 
C(a-v)O2 is small, the hemoglobin in venous blood 
was usually well saturated. Thus, the Pvo, often was 
sufficiently high to exclude the presence of arterial 
hypoxemia. 

We have found that, during general anesthesia with 
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isoflurane, enflurane, or halothane, determinations of 
Pvco,, pHv, and calculated venous base excess closely 
approximated arterial values. Values for Pvo, were 
significantly less than for Pao, for all three anesthetics 
but, in approximately 70% of patients, the Pvo, value 
was of sufficient magnitude (>70 torr) to discount 
arterial hypoxemia. This inability to interpret accu- 
rately the state of oxygenation from venous blood 
indicates that an additional analysis of arterial blood 
still would be required in approximately 30% of pa- 
tients. 
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Unusual Aspects of 

Low Levels of 
Pseudocholinesterase in a 
Pregnant Patient 


Ram S. Ravindran, MD,* 
Douglas F. Cummins, MD,F 
Karen L. Pantazis, MD, . 
Bradley J. Strausburg, MD,{ and 
John C. Baenziger, MD§ 


Patients with abnormally low levels of pseudocho- 
linesterase or pseudocholinesterase of atypical type 
(either hetero- or homozygous) may develop pro- 
longed respiratory dysfunction or apnea following the 
administration of succinylcholine. In these patients 
such an event usually occurs following the first ex- 
posure to this drug. It is generally believed that it is 
unlikely that a patient will have atypical responses to 
succinylcholine if he or she in the past has had an 
uneventful anesthesia that involved use of succinyl- 
choline. In this report, however, we describe a patient 
who had an uneventful intraoperative and postoper- 
ative course following the first exposure to succinyl- 
choline but, during a subsequent procedure, devel- 
oped prolonged respiratory dysfunction following a 
second exposure to succinylcholine. This patient was 
subsequently found to have an extremely low level of 
pseudocholinesterase. 


Case Report 


A 28-year-old gravida 2, para 1 with diabetes mellitus 
was admitted to the hospital at 32 to 34 weeks of gestation 
because of diabetic ketoacidosis and premature labor. Past 
medical history included several hospitalizations for control 
of diabetes mellitus. Four years earlier she was admitted to 
this hospital during the third trimester of her first pregnancy 
for management of diabetes mellitus. She subsequently 
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underwent an emergency cesarean section for fetal distress 
under general anesthesia. At that time the anesthesia in- 
cluded pretreatment with metocurine, induction of anesthe- 
sia with thiopental, and administration of succinylcholine 
(150 mg) to facilitate tracheal intubation. Maintenance of 
anesthesia was with nitrous oxide plus a continuous infu- 
sion of succinylcholine (1 mg/min for 10 minutes). The 
effects of succinylcholine on respiration were not unusual 
nor was the duration of apnea, and emergence from anes- 
thesia was uneventful. 

During the present admission blood pressure was 140/ 
80 torr, pulse rate 80 beats per minute, and the respiratory 
rate 32 breaths per minute. Uterine contractions were 3 
minutes apart, the cervix was 75% effaced and fingertip 
dilated, with intact membranes. Serum electrolyte levels 
were normal; blood glucose level was 307 mg/dl. Arterial 
Po, was 95 torr, Pco, 28 torr, and pH level was 7.28, 
Treatment included morphine, 10 mg IM, for analgesia, 
intravenous fluids, and a continuous insulin infusion. She 
received no ester-type local anesthetics for infiltration or 
paracervical block. 

During the next few hours her blood sugar levels de- 
creased following infusion of insulin and glucose. The fetus 
exhibited tachycardia and late decelerations. As the cervix 


- was only dilated to a fingertip size, fetal scalp blood pH to 


rule out fetal distress could not be obtained. In view of the 
feta] distress an emergency cesarean section was planned. 
The patient was pretreated with 2 mg of metocurine 
followed by induction of anesthesia with thiopental fol- 
lowed by succinylcholine (120 mg IV) for tracheal intuba- 
tion. No additional succinylcholine was administered. An- 
esthesia was maintained with 0.5% enflurane, nitrous oxide, 
and oxygen. Following the delivery of the infant, anesthesia 
was supplemented by incremental doses of fentanyl (total 
of 150 pg). The operative course was uneventful. When 
mechanical ventilation was discontinued at the end of the 
operation (80 minutes following the administration of suc- 
cinylcholine) the patient had only shallow, rapid respira- 
tions. Responses to single and tetanic peripheral nerve 
stimuli were barely detectable. She responded to verbal 
commands but could not raise her head and the hand grip 
was weak. Arterial blood gas tensions, electrolytes, and 
glucose were all near preoperative levels, Mechanical ven- 
tilation was maintained for 5 hours at which time sponta- 
neously generated tidal volume was 500 to 800 ml with a 
vital capacity of 2500 ml. The patient could also raise her 
head on command. The tracheal tube was removed. A 
clinical impression of abnormal pseudocholinesterase or 
abnormally low levels of pseudocholinesterase associated 
with pregnancy was considered. Pseudocholinesterase levels 
and dibucaine and fluoride numbers were measured 11 
hours and 3, 9, and 41 days following the operation (Table) 
(1). Liver function tests showed minimal alterations, On 
further questioning, the patient denied having taken any 
medications or having been exposed to organic chemicals. 
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TABLE 


Pseudocholinesterase Levels at Different Times after 
Delivery 


Pseudocho- 
Time of iingetaracs Dibucalne Fluoride 
measurement no. no. 
level 
units /mf 
11 hr 0.36 47 33 
3 days 0.78 58 33 
6 days 1.0 Not done Not done 
42 days 4.0 81 61 
Normal 7-19 84 t 3* 49 + 5* 
* Mean + SE. 


She also denied knowledge of any family member who 
developed similar problems during or after surgery. 


Discussion 


Prolonged neuromuscular blockade following ad- 
ministration of succinylcholine in a pregnant patient 
could be due to (a) overdose of drug, (b) potentiation 
of the drug by the concurrent use of magnesium 
sulfate or anticholinesterase drugs, (c) the presence of 
an abnormal pseudocholinesterase, or (d ) abnormally 
low levels of pseudocholinesterase (2-5). Metabolic 
acidosis or electrolyte abnormalities could also be 
contributory causes. 

The amount of succinylcholine administered (120 
mg) in this patient was not considered to be an 
overdose and she was not receiving magnesium sul- 
fate or anticholinesterase drugs. It has been observed 
that pseudocholinesterase levels in pregnant patients 
are significantly lower than in nonpregnant patients 
(6). Although there have been a few reports of pro- 
longed neuromuscular dysfunction due to low levels 
of pseudocholinesterase (7), the vast majority of preg- 
nant patients do not develop prolonged respiratory 
impairment following the administration of the usual 
amount of succinylcholine. If patients do develop 
prolonged respiratory dysfunction due to low levels 
of pseudocholinesterase, it is generally not significant 
(8). In this patient, 6 hours following the resumption 
of normal respiratory function, the pseudocholines- 
terase level was 0.34 units/milliliter (less than 5% of 
normal values). This is significantly lower than what 
has been documented in normal pregnant patients 
(60% normal nonpregnant levels) (6). It has also been 
observed that in pregnant patients, the lowest level of 
pseudocholinesterase is measured on the 3rd postpar- 
tum day (6, 9). However, in our patient, pseudocho- 
linesterase levels increased to 0.72 units/milliliter on 
the 3rd postpartum day. 
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In addition to low level, the pseudocholinesterase 
in this patient was qualitatively abnormal. Both the 
dibucaine and fluoride numbers measured in samples 
of plasma obtained 11 and 72 hours postpartum were 
abnormal: 47, 58, and 33, 33, respectively. On the 
basis of these values the patient was initially thought 
to represent the rare phenotype variant of E," Ey’. 
However, based on the results of subsequent analyses 
performed on the 42nd day postpartum, she was 
considered to have a low level of normal pseudocho- 
linesterase. 

There are four aspects of this patient’s condition 
that deserve emphasis. First, the patient did not man- 
ifest any respiratory dysfunction on her first exposure 
to succinylcholine when she had received a larger 
amount (150 mg) of the drug. Second, she had an 
abnormally low level of pseudocholinesterase (less 
than 5% of normal values) associated with pregnancy 
which apparently had not existed during her earlier 
pregnancy. Third, the lowest level of pseudocholin- 
esterase was not noted on the 3rd postpartum day. 
Fourth, dibucaine and fluoride numbers determined 
in the first few days following delivery were mislead- 
ing. Viby-Mogensen (8) noted that patients with low 
levels of normal pseudocholinesterase had prolonged 
responses to succinylcholine only when the enzyme 
concentration was less than 15% of normal values. As 
our patient had a pseudocholinesterase concentration 
less than 5% of normal value it is possible that this 
could explain the prolonged respiratory dysfunction 
produced by succinylcholine. The variability in the 
pseudocholinesterase concentration that this patient 
had might have been related to her varying states of 
diabetes mellitus, dehydration, and general nutrition 
(9). In addition, during the first pregnancy, she was 
operated on at 31 weeks of pregnancy at which time 
the pseudocholinesterase level might have been 
higher. Although Shnider (6) and Blitt et al (9) noted 
maximal reduction in the pseudocholinesterase con- 
centration in pregnant patients in the immediate post- 
partum period (2 to 4 days), earlier investigators 
(10-12) had observed maximal reduction at other 
times during pregnancy and labor. 

The abnormal dibucaine and fluoride numbers 
noted in the first and second samples in this patient 
are puzzling. Perhaps in a pregnant patient with an 
extremely low level of pseudocholinesterase (less than 
1 unit/milliliter or less than 10% of normal values), 
measurement of dibucaine or fluoride numbers using 
standard techniques may be misleading. Generally, 
genotyping and phenotyping of patients with abnor- 
mal pseudocholinesterase is done based mainly on 
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the measurement of dibucaine and fluoride numbers. 
If we had not measured the dibucaine and fluoride 
number on the 42nd postpartum day in this patient, 
then she would have been considered to have an 
abnormal form of the enzyme. Perhaps this might 
explain an occurrence in the study of Viby-Mogensen 
(13): some of the patients who had earlier been found 
to have abnormal forms of pseudocholinesterase, did 
not have abnormal .responses to usual doses of suc- 
cinylcholine at a later time. 
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ADDENDUM 


Samples of plasma from normal patients (pseudocholinesterase 
level of approximately 10 units/milliliter) when diluted ten times 
were found to have values less than the estimated values. The 
dibucaine and fluoride numbers in those samples were also found 
to be abnormally low. 
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Blood Pressure 
Measurement in 
Infants 


To the Editor: 


We read with interest Friesen and 
Lichtor’s paper (1). Their study con- 
cluded that the Dinamap device is an 
accurate method of monitoring blood 
pressure in infants. We feel, however, 
that the conclusions drawn in this 
paper are inaccurate because inappro- 
priate methods were used to analyze 
the data. 

Each of the comparisons between 
Dinamap and either a Doppler or ar- 
terial line measurement were per- 
formed as a linear regression analvsis 
by “lumping” all infants. In fact, the 
individual regression lines for each 
infant could be far from identity with 
a poor correlation coefficient. The 
composite of these individual lines 
may create a line that is near identity 
with a high correlation coefficient, 
thus creating a deceptive finding. 

We have recently performed a sim- 
ilar study comparing Dinamap read- 
ings with both umbilical catheter and 
radial arterial catheter pressures in 
sick newborns with prolonged contin- 
uous readings (manuscript in prepa- 
ration). In fact our lumped data 
seemed to show close comparability 
with methods. However, when we 
looked at each baby the regression 
lines were quite disparate. 

We wish to call your attention to 
this error for we do not find that the 
Dinamap is as accurate a monitor in 
newborns as we would like it to be. 


David Z. Myerberg, MD 
John M. Krall, PhD 
Departments of Pediatrics 
and Community Medicine 
West Virginia University School 
of Medicine 
Morgantown, WV 26506 
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To the Editor: 


When one collects data for linear 
regression analysis, there are basically 
two acceptable ways of going about 
it. One may collect either a small 
number of paired determinations 
from a large number of subjects or a 
large number of paired determina- 
tions from a small number of subjects. 
Because of the time constraints of our 
study (we collected data only during 
anesthesia), we elected to use the for- 
mer method, whereas Myerberg and 
Krall have chosen the latter. Both 
methods are perfectly valid. 

We, too, found some individual 
variation in regression lines, but 
among our infants, this occurred to- 
ward identity as well as away from it. 
The effect of individual variation has 
less impact when large numbers of 
subjects are used. 

We also recognize that data from 
almost any study may not yield iden- 
tical results when statistically ana- 
lyzed by different methods. The point 
is, however, that we used a valid 
method of data collection and statis- 
tical analysis. The results of that anal- 
ysis justified our conclusions. 

Robert H. Friesen, MD 
Department of Anesthesiology 
The Children’s Hospital 
Denver, CO 80218 

J. Lance Lichtor, MD 
Department of Anesthesiology 
University of Chicago 

Pritzker School of Medicine 
Chicago, IL 60637 


Pulmonary Air 
Embolism and 
Nitrous Oxide 
Challenge 


To the Editor: 


Shapiro et al (1) presented an in- 
teresting concept for detecting resid- 
ual pulmonary gas following venous 
air embolism. While in normal cir- 
cumstances the lungs appear to be 
complete in their filtration of venous 
bubbles, at least to diameters as small 
as 15 to 22 um (2), spillover of bubbles 
into the systemic circulation may oc- 
cur in certain situations, e.g., phar- 
macologicals (2), volume overload 
with gas (2, 3) or oxygen toxicity (4). 
Often when arterial spillover occurs 
there may be a delay before bubbles 
are detected, allowing adequate time 
for size resolution or possible recruit- 
ment of surfactants to the air:liquid 
interface (5S), which may facilitate 
their release. Not all bubbles ob- 
served systematically are sympto- 
matic but those injected into the pul- 
monary veins often appear in the cor- 
onary circulation with profound re- 
sults. 

When venous gas is introduced ex- 
perimentally in dogs at a slow rate, an 
increase in pulmonary arterial pres- 
sure may not be observed until the 
total volume reaches or exceeds 10 
ml. Often this produces a variable 
increase, below 30% to 40%, in pul- 
monary arterial pressure. Even after 
considerable time has elapsed since 
the initial embolism, a significant 
amount of residual gas may persist in 
small pulmonary vessels. In the report 
of Shapiro et al the Doppler probe 
appeared not to be positioned so as 
to detect systemic gas. Although this 
occurs only rarely, conditions have 
been reported whereby paradoxical 


systemic embolization can occur, 
even in the absence of arteriovenous 
shunts. Great care should thus be 
taken in applying nitrous oxide as a 
bubble “amplifier” to detect residual 
pulmonary gas. Pulmonary arterial 
pressure may not always be the most 
sensitive indicator of the presence of 
pulmonary gas, even when observing 
small changes. Van Liew (6) used ni- 
trous oxide to elicit symptoms in rats 
that had previously been exposed to 
decompression and whose lungs pre- 
sumably contained venous bubbles. 
He reported a marked increase in 


LETTERS TO THE EDITOR 


mortality following bubble amplifi- 
cation with nitrous oxide. 


Bruce Butler, PhD 

Department of Anesthesiology 

The University of Texas Health 
Science.Center at Houston 

6431 Fannin, 5.028 MSMB 

Houston, TX 77030 
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Cardiovascular Anesthe- 
sia and Postoperative 
Care, edited by S. Tarhan, 
Chicago, Year Book Medi- 
cal Publishers, 1982, 515 


PP. 


In this multiauthored book which 
originated from a single institution, 
the contributors have written in a 
manner so that each chapter could be 
read separately. Such an approach has 
resulted in a disjointed structure with 
a lack of continuity. The intended 
audience is not made clear. Although 
the book’s purpose is to provide ”... 
a clear understanding of the patho- 
physiologic derangements produced 
by the various types of heart disease 
and a familiarity with the physiologic 
changes accompanying anesthesia 
and surgery ...,” the thrust of the 
book is unclear. On the one hand, a 
great deal of discussion is devoted to 
the technical aspects of placing inva- 
sive monitoring devices and collection 
of blood products in the manner of a 
manual. Yet, other sections of the 
book are detailed and informative as 
a reference source. 

The chapter on monitoring is dis- 
appointing. Although there is a great 
detail on manual technique, one must 
look elsewhere for discussion of elec- 
trocardiography (ECG) and electro- 
encephalography (EEG). The discus- 
sion of the basis for arrhythmias is a 
satisfying one. The chapter on radiol- 
ogy is a laudable attempt to familiar- 
ize the anesthesiologist with the in- 
formation derived from angiography. 
Unfortunately, this effort is largely 
pictorial and is not combined with an 
equally informative discussion of ech- 
ocardiography and nuclear medicine. 
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The discussion of postoperative man- 
agement is informative and should be 
useful to most trainees. The text is 
generally well referenced even though 
some sections lack depth. 

In summary, the book has some 
excellent discussions, contains some 
deficiencies, and suffers most from a 
lack of continuity and constant level 
of intent. I would hesitate to recom- 
mend the book as a first or single 
choice for an individual at the fellow- 
ship level although it contains a few 
well-written sections. 

Leslie H. Cronau, Jr., MD, PhD 
Associate Professor 
of Anesthesiology 
The University of Texas 
Medical School at Houston 
Houston, TX 


Pulmonary Medicine, 2nd 
edition, edited by C. A. 
Guenter and M. H. Welch, 
Philadelphia, J. B. Lippin- 
cott Co., 1982, 963 pp, 
$75.00. 


When this book was first pub- 
lished in 1977, it was destined to be- 
come one of the major textbooks of 
its kind. It has certainly been one of 
the most widely read textbooks of the 
last few years. The basic organization 
of the second edition follows the same 
logical approach already developed in 
the first edition. The number of con- 
tributors has been increased to a total 


of 10; all are well-recognized author- 
ities in their respective fields. 

Each chapter has a sublist of con- 
tents, which helps the reader to pre- 
pare his mental attitude before start- 
ing to read. Subtitles of each chapter 
appear at the top of each even-num- 
bered page; the title of the chapter 
appears at the top of the odd-num- 
bered page. This is a reversal of the 
arrangement in the first edition and 
represents careful editing. It is a more 
logical arrangement and certainly a 
welcome change. So much for the 
evolution and style of this second 
edition. 

Most chapters have been revised 
and updated; very little has been de- 
leted from the first edition. The 
unique and excellent chapters on 
“The Respiratory Environment” and ` 
“Chest Trauma” need no further 
comment. The most significant im- 
provement, however, is the addition 
of chapters on “The Respiratory 
Pump” and “Disorders of the Respi- 
ratory Pump.” The former is a concise 
summary on the respiratory regula- 
tory mechanisms involving the 
chemoreceptors, central nervous sys- 
tem, and effectors (diaphragms and 
intercostal muscles). The respiratory 
pattern and reflexes arising from the 
lung are also included in this chapter. 
The introductory statement about the 
physiology of respiration in sleep ap- 
pears in the chapter, “Disorders of 
the Respiratory Pump.” In this re- 
viewer's opinion, the sleep state is one 
of the basic physiologic factors that 
profoundly affect the respiration and 
breathing pattern. Therefore, it would 
have been more appropriately in- 
cluded in the chapter on the respira- 
tory pump. On the other hand, 
“Abnormalities of the Chest Wall” 
(chapter 11 in the first edition) is now 
incorporated into the chapter, 
“Disorders of the Respiratory Pump.” 
In “Chronic Noninfectious Parenchy- 
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mal Diseases,” hypereosinophilic 
syndrome and tropical eosinophilia 
are newly added. The question of an- 
giotensin converting enzyme in sar- 
coidosis, not mentioned in the first 
edition, has now been added under 
immunology and prognosis and ther- 
apy. The discussion on aspergillosis 
is much more detailed. There is a 
timid attempt to introduce certain as- 
pects of cystic fibrosis here and there 
in different chapters. Through much 
improved pulmonary and nutritional 
therapies, many patients with cystic 
fibrosis are now outliving the pediat- 
ric age limit and they are now adults 
knocking at the doors of pulmonolo- 
gists. 

For anesthesiologists, there is a val- 
uable section on the effects of general 
anesthesia in the chapter, “Chest 
Trauma.” Expanded discussions on 
the effect of positive end-expiratory 
pressure (PEEP) and continuous pos- 
itive airway pressure (CPAP) in adult 
respiratory distress syndrome 
(ARDS) are a welcome revision to 
intensivists. 

References are carefully chosen 
and updated, in general, through 1979 
to 1980. There has been no deterio- 
ration in the quality of figures and 
roentgenogram reproduction since 
the first edition. 

In summary, the editor and asso- 
ciate editor of this book have suc- 
ceeded admirably in updating the in- 
formation, reorganizing the chapters 
in an appropriate manner, and cor- 
recting most of the deficiencies in the 
first edition. I highly recommend this 
book to any pulmonologist and to 
other specialists who require basic 
knowledge of pulmonology in prac- 
ticing their particular specialty. 


T. R. Weng, MD 
Associate Professor 

of Pediatrics 
Division of Pulmonology 
University of Pittsburgh 
Pittsburgh, PA 


BOOK REVIEWS 


Clinical Uses of Mechani- 
cal Ventilation, edited by 
C. C. Rattenborg and E. 
Via-Reque, Chicago, Year 
Book Medical Publishers, 
1981, 363 pp, $16.00. 


This book was designed to provide 
a text embracing all aspects of me- 
chanical ventilation. It is written for 
physicians and respiratory therapists 
who are involved in the management 
of patients requiring mechanical ven- 
tilatory support in intensive care 
units, Some of the text would be use- 
ful for medical students in the latter 
part of training. 

The text is divided into five parts: 
administration of mechanical venti- 
lation, disorders that may require me- 
chanical ventilation, patient manage- 
ment, effects and complications of 
mechanical ventilation, and nonmed- 
ical problems. Each part is then di- 
vided into a series of chapters written 
by different authors. The book ap- 
pears to have all the characteristics of 
a completely balanced text on me- 
chanical ventilation. Unfortunately, 
because of the multiplicity of authors, 
the chapters—even within a specific 
section—are without flow. 

The opening chapter charges into 
the mechanics of ventilation without 
giving the reader an opportunity to 
settle down with the book. This is 
followed by an unnecessarily compli- 
cated chapter on acid base balance, 
after which the reader's interest in 
completing the remainder of the book 
has rapidly declined. 

The clinical section is presented 
with a clearer style, but I was disap- 
pointed to see aspiration pneumonia, 
which was defined as “the result of 
major aspiration of gastric contents,” 
included and described in the chapter 
on infectious diseases. The chapters 
on Swan-Ganz catheters, which pre- 
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sumably apply to all flow-directed 
pulmonary arterial catheters, and ra- 
diologic aspects of mechanical venti- 
lation were well-written, useful con- 
tributions. A chapter on trauma, and 
particularly chest trauma, is sadly 
lacking. Each chapter is concluded 
with a list of references which range 
from four to more than 30. 

I was disappointed not to find a 
chapter on the history of mechanical 
ventilation and the evolution of ven- 
tilators over the past 35 years. 

The book had the potential of a 
regal text, but there are many paupers 
in the kingdom. In spite of this it 
should be included in intensive care 
units and hospital libraries. This book 
should be prescribed reading for fel- 
lows, residents, and therapists in- 
volved in the clinical use of mechan- 
ical ventilation. 

Arnold Sladen, MD 
Professor of Anesthesiology and 
Associate Professor of Surgery 
University of Pittsburgh 

School of Medicine 
Pittsburgh, PA 
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A History of Medicine in Alabama, by H. 
L. Holley, University, Alabama, The Uni- 
versity of Alabama Press, 1982, 418 pp, 
$35.00. 


Medicine for Anaesthetists, edited by M. 
D. Vickers, with foreword by W. W. Mu- 
shin, Oxford, Blackwell Scientific Publi- 
cations, 1982, 647 pp, $65.00. 


Anesthesia Review 1, edited by L. Kauf- 
man, with foreword by M. K. Sykes, New 
York, Churchill Livingstone Inc., 1982, 148 
pp, $24.75. 


Recent Advances in Anesthesia and An- > 
algesia—Number Fourteen, by R. Atkin- 
son and C. L. Hewer, New York, Churchill 
Livingstone Inc., 1982, 182 pp, $24.00. 


959 


A Guide for Authors 





Manuscripts should be sent to: 
Nicholas M. Greene, M.D. 
Editor in Chief 
Anesthesia and Analgesia 
Yale University School of Medicine 
333 Cedar Street 
New Haven, Connecticut 06510 


Editorial Policies 


Manuscripts are accepted for consideration with the understand- 
ing that, except in review articles, the material they present has not 
been previously published and is not presently under consideration 
for publication elsewhere. Authors will be asked to transfer copy- 
-right of articles accepted for publication to the International An- 
esthesia Research Society. 


Types of Materials. The Journal publishes original articles, clin- 
ical reports, review articles, and letters to the editor. Original 
articles describe in 3000 words or less clinica! or laboratory inves- 
tigations. Clinical reports describe in 1000 words or less either (a) 
new and instructive case reports, or (b) anesthetic techniques or 
equipment of demonstrable originality, usefulness, and safety. 
Review articles of 2500 to 4000 words collate, describe, and evaluate 
previously published material for the establishment of new con- 
cepts. Letters to the editor, less than 300 words in length, include 
brief constructive comments concerning previously published ar- 
ticles or brief notations of general interest. Preliminary or incom- 
plete reports are not accepted, nor are manuscripts containing 
fragments of material better incorporated into a single paper. 


Peer Review. All papers are reviewed by three or more referees. 
Acceptance is based upon significance, originality, and validity of 
the material presented. Only one copy of articles not accepted for 
publication will be returned to authors. i 


Legal and Ethical Considerations. Information or illustrations 
must not permit identification of patients. Reports describing data 
obtained from experiments performed in humans must contain a 
statement in the Methods that institutional approval of the inves- 
tigation and informed consent were obtained. Reports describing 
data obtained from experiments performed in animals must clearly 
indicate that humane standards equal to those described by the 
American Physiological Society were employed. 

Illustrations and other materials taken from other sources must 
be properly credited and assurance provided that permission for 
reproduction has been obtained from the copyright owner and 
author. 


Editing. All papers will be edited for clarity, style, factual accu- 
racy, internal logic, and grammar. Papers extensively copy edited 
will be returned to the author(s) for retyping. Editing will include 
the addition, following the Abstract, of key words for indexing 
purposes. 


Manuscripts 


Manuscripts must be prepared and submitted in the manner 
described in “Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals” as described in Annals of Internal Medicine 
1979; 90: 95-9, and Lancet 1979; 1: 428-30. 

Type manuscripts on white bond paper, 20.3 by 26.7 cm or 21.6 
by 27.9 cm (8 by 104 in or 84 by 11 in) or ISO A4 (212 by 297 mm) 
with margins of at least 2.5 cm (1 in). Use double spacing through- 


out, including title page, abstract, text, acknowledgments, refer- 
ences, tables, and legends for illustrations. 

Begin each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, tables 
(each table, complete with title and footnotes, on a separate page), 
and legends, Number pages consecutively, beginning with the title 
page. Type the page number in the upper right-hand corner of each 
page. 

Illustrations must be good quality, unmounted glossy prints, 
usually 12.7 by 17.3 cm (5 by 7 in), but no larger than 20.3 by 25.4 
cm (8 by 10 in). 

Submit three copies of manuscript and figures in heavy-paper 
envelope. Submitted manuscript should be accompanied by cov- 
ering letter which includes the name and mailing address of the 
author to whom correspondence should be addressed. 

Authors should keep copies of everything submitted. 

Title Page. The title page should contain [1] the title of the 
article, which should be concise but informative; [2] a short running 
head or footline of no more than 40 characters (count letters and 
spaces) placed at the foot of the title page and identified; [3] first 
name, middle initial, and last name of each author, with highest 
academic degree(s); [4] name of department(s) and institution(s) to 
which the work should be attributed; [5] disclaimers, if any; [6] 
name and address of author responsible for correspondence about 
the manuscript; [7] name and address of author to whom requests 
for reprints should be addressed, or statement that reprints will not 
be available from the author; [8] the source(s} of support in the 
form of grants, equipment, drugs, or all of these. 

Abstract and Key Words. The second page should carry an 
abstract of not more than 150 words. The abstract should state the 
purposes of the study or investigation, basic procedures (study 
subjects or experimental animals and observational and analytic 
methods), main findings (give specific data and their statistical 
significance, if possible), and the principal conclusions. Emphasize 
new and important aspects of the study or observations. Define all 
abbreviations except those approved by the International System 
of Units. 

Key (indexing) terms. Below the abstract, provide and identify as 
such, three to 10 key words or short phrases that will assist indexers 
in cross-indexing your article. 

Text. The text of observational and experimental articles is 
usually—but not necessarily—divided into sections with the head- 
ings Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their content, 
especially the Results and Discussion sections. Case reports and 
reviews do not require the above sections. 

Introduction. Clearly state the purpose of the article. Summarize 
the rationale for the study or observation. Give only strictly perti- 
nent references, and do not review the subject extensively. 

Methods. Describe your selection of the observational or exper- 
imental subjects (patients or experimental animals, including con- 
trols) clearly. Identify the methods, apparatus (manufacturer’s 
name and address in parentheses), and procedures in sufficient 
detail to allow other workers to reproduce the results. Give refer- 
ences to established methods, including statistical methods; provide 
references and brief descriptions of methods that have been pub- 
lished but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate their 
limitations. 

Include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical analyses, 
mathematical derivations, and the like may sometimes be suitably 
presented in the form of one or more appendixes. 
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Results. Present your results in logical sequence in the text, 
tables, and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations: emphasize or summarize only important 
observations. 

Discussion. Emphasize the new and important aspects of the 
study and conclusions that follow from therh. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate the 
observations to other relevant studies. Link the conclusions with 
the goals of the study but avoid unqualified statements and conclu- 
sions not completely supported by your data. Avoid claiming 
priority and alluding to work that has not been completed. State 
new hypotheses when warranted, but clearly label them as such. 
Recommendations, when appropriate, may be included. 


References. Number references consecutively in the order in 
which they are first mentioned in the text. Identify references in 
text, tables, and legends by arabic numerals (in parentheses). 
References cited only in tables or in legends to figures should be 
numbered in accordance with a sequence established by the first 
identification in the text of the particular table or illustration. 

Use the form of references adopted by the U.S. National Library 
of Medicine and used in Index Medicus. Use the style of the 
examples cited at the end of this section, which have been approved 
by the National Library of Medicine. 

The titles of journals should be abbreviated sidia to the 
style used in Index Medicus. Consult the “List of Journals Indexed,” 
printed annually in the January issue of Index Medicus. 

The only acceptable references to journal articles or abstracts are 
those appearing in peer-reviewed journals. Abstracts in peer-re- 
viewed journals are acceptable only if less than 4 years old. List 
articles accepted for publication but not yet in print as “in press.” 
Three copies of “in press” references must accompany each article 
submitted for editorial review. Articles submitted but not yet 
accepted for publication must be cited in the text as “unpublished 
data” (in parentheses). 

References must be verified by the author(s) against the original 
documents. 

Examples of correct forms: 


Journal 


1. Standard Journal Article (List all authors when six or less; when seven or 
more, list only first three and add et al) 
Soter NA, Wasserman SI, Austen KF. Cold urticaria: release Into the 
circulation of histamine and eosinophil chemotactic factor of anaphy- 
laxis during cold challenge. N Engl J] Med 1976;294:687-90. 


2. Corporate Author 
The Committee on Enzymes of the Scandinavian Society for Clinical 
Chemistry and Clinical Physiology. Recommended method for the 
determination of gamma-glutamyltransferase in blood. Scand J Clin Lab 
Invest 1976;36:119-25. 
Anonymous. Epidemiology for primary health care. Int J Epidemiol 
1976;5:224-5. 


Books and Other Monographs 


3. Personal Author(s) 
Osler AG. Complement: mechanisms and functions. Englewood Cliffs: 
Prentice-Hall, 1976. 


4. Corporate Author 


American Medical Association Department of Drugs. AMA drug eval- 
uations. 3rd ed. Littleton: Publishing Sciences Group, 1977. 


‘5. Editor, Compiler, Chairman as Author 
Rhodes AJ, Van Rooyen CE, comps. Textbook of virology: for students 


and practitioners of medicine and the other health sciences. 5th ed. 
Baltimore: Williams & Wilkins, 1968. 


6. Chapter in Book 


Weinstein L, Swartz MN. Pathogenic properties of invading microor- 
ganisms. In: Sodeman WA Jr, Sodeman WA, eds. Pathologic physiol- 
ogy: mechanisms of disease. Philadelphia: WB Saunders, 1974:457-72. 


7. Agency Publication 
National Center for Health Statistics. Acute conditions: Incidence and 
associated disability, United States July 1968-June 1969. Rockville, Md.: 
National! Center for Health Statistics, 1972. (Vital and health statistics. 
Series 10: Data from the National Health Survey, no. 69) (DHEW 
publication no. (HSM)72- 1036). 


Tables. Type each table on a separate sheet; remember to double 
space. Do not submit tables as photographs. Number tables con- 
secutively and supply a brief title for each. Give each column a 
short or abbreviated heading. Place explanatory matter in footnotes, 
not in the heading. Explain in footnotes all nonstandard abbrevia- 
tions that are used in each table. For footnotes, use the following 
symbols in this sequence: *, t, $, §& L |, #, **, Hf... . Identify 
statistical measures of variation such as SD and SEM. 

Omit internal horizontal and vertical rules, 

Cite each table in the text in consecutive order. 

If you use data from another published or unpublished source, 
obtain permission and acknowledge fully. 

The editor on accepting a manuscript may recommend that 
additional tables containing important backup data too extensive 
to be published may be deposited with the National Auxiliary 
Publications Service or made available by the author(s). In that 
event, an appropriate statement will be added to the text. Submit 
such tables for consideration with the manuscript. 


Illustrations. Submit three complete sets of figures. Figures 
should be professionally drawn and photographed; freehand or 
typewritten lettering is unacceptable. Instead of original drawings, 
roentgenograms, and other material, send sharp, glossy black-and- 
white photographic prints, usually 12.7 by 17.3 cm (5 by 7 in} but 
no larger than 20.3 by 25.4 cm (8 by 10 in). Letters, numbers, and 
symbols should be clear and even throughout, and of sufficient size 
that when reduced for publication each item will still be legible. 
Titles and detailed explanations belong in the legends for illustra- 
tions, not on the illustrations themselves. 

Each figure should have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of the 
figure. Do not write on the back of the figures or mount them on 
catdboard, or scratch or mar them using paper clips. Do not bend 
figures. 

Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicragraphs should contrast 
with background. 

If photographs of persons are used, either the subjects must not 
be identifiable or their pictures must be accompanied by written 
permission to use the photograph. 

Cite each figure in the text in consecutive order. If a figure has 
been published, acknowledge the original source and submit writ- 
ten permission from the copyright holder to reproduce the material. 
Permission is required, regardless of authorship or publleher ex- . 
cept for documents in the public domain. 

For illustrations in color, supply color negatives or positive 
transparencies and, when necessary, accompanying drawings 
marked to.jndicate the region to be reproduced; in addition, send 
two positive color prints to assist editors in making recommenda- 


tions. Some journals publish illustrations in color only if the au- 
thor pays for the extra cost. 


Legends for Dlustrations. Type legends for illustrations double 
spaced, starting on a separate page with arabic numerals corre- 
sponding to the illustrations. When symbols, arrows, numbers, or 
letters are used to identify parts of the illustrations, identify and 
explain each one clearly in the legend. Explain internal scale and 
identify method of staining in photomicrographs. 


Abbreviations. Define all abbreviations except those approved 
by the International System of Units for amount of substance, 
mass, length, time, temperature, electric current, and luminous 
intensity. Do not synthesize new or unusual abbreviations. When 
many abbreviations are used, include all in a box of definitions at 
the start of the article. 
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a for over 25 years Nesacaine offers ideal advantages in regional 


anesthesia: rapid onset of action, rapid hydrol- 
ysis and rapid wear-off. Rapid onset allows 
rapid evaluation of the success of the nerve 
block and allays patient anxieties about anes- 
thetic effectiveness. Rapid hydrolysis by 
plasma cholinesterase gives Nesacaine a 
built-in safety mechanism. It minimizes 
chances of systemic, CNS or cardiovascular 
side effects, even when additional injections 
are given for prolonged surgical procedures. 
Rapid wear-off and lack of anesthetic after- 
effects permit outpatients to rapidly resume 
their normal activities. 


Nesacaine. An ideal choice for regional anes- 
thesia that has been used effectively and 
safely in millions of obstetric, surgical, and 
diagnostic procedures since 1956. 


Nesacaine 


(chloroprocaine hydrochloride) 





Nesacaine” 


(chloroprocaine hydrochloride) 


Nesacalne®-CE 


(chloroprocaine hydrochloride) 


BRIEF SUMMARY: 

Nesacaine, in multidose vials with preservative, !s indicated for the 
production of local anesthesia by infiltration and regional nerve 
block; It should not be used for caudal or epidural anesthesia. 


Nesacaine-CE, In single dose vials without preservative, Is Indicated 
for the production of local anesthesia by infiltration and regional 
nerve block, including caudal and epidural blocks. 


Contralndications: hypersensitivity to drugs of the PABA ester group; 
central nervous system disease Is a contralndication to caudal or epl- 
dural block. 


Warnings: RESUSCITATIVE EQUIPMENT AND DRUGS SHOULD BE IM- 
MEDIATELY AVAILABLE WHEN ANY LOCAL ANESTHETIC IS USED. 


Usage In Pregnancy: Safe use of chicroprocaine HCI has not been 
established with respect to adverse effects upon fetal development. 
This fact should be carefully considered before administering the 
drug to women of childbearing potential, particularly during early 
pregnancy. 


Obstetrical Paracervical Block: Chloroprocaine is not recommended 
for obstetrical paracervical block when toxemia of pregnancy is 
present or when fetal distress or prematurity is anticipated In advance 
of the block. Fetal bradycardia has been noted by electronic monitor- 
ing in about 5-10% of the cases where initial doses of 120 mg to 
140 mg of chloroprocaine were used. The Incidence of bradycardia, 
within this dose range, might not be dose related. These data are 
limlted and are generally restricted to non-toxemic cases where fetal 
distress or prematurity was not anticipated in advance of the block. 
The role of drug factors and non-drug factors assoclated with feta! 
bradycardia following paracervical block are unexplained at this time. 


In obstetrics, some oxytocic drugs may cause severe persistent hyper- 
tension if vasoconstrictor drugs are used to correct hypotension or are 
added to the local anesthetic solution. 


Solutions contalning vasoconstrictors, particularly eplnephrine and 
norepinephrine, should be used with extreme caution In patients 
receiving MAO Inhibitors and tricyclic antidepressants, since severe 
prolonged hypertension may occur. 


Precautions: The safety and effectiveness of chioroprocaine HCI de- 
pends upon proper dosage, correct technique, adequate precautlons 
and readiness for emergencies. 


Solutions containing vasoconstrictors should be used cautiously In 
the presence of disease which may adversely affect the patient's car- 
diovascular system, In areas where the blood supply is Ilmited, or 
when peripheral vascular disease is present. 


Injections should always be made slowly and with frequent aspiration 
to avold Inadvertent rapid Intravascular administration which can pro- 
duce systemic toxicity. 


Serlous cardlac arrhythmias may occur if preparations containing a 
vasopressor are used in patients during or following the administra- 
tion of chloroform, halothane, cyclopropane, trichlorethylene, or 
other related agenis. 


Adverse Reactions: Systemic adverse reactions result from high 
piasma levels due to rapld absorption, inadvertent intravascular 
Injection, excessive dosage, hypersensitivity, idiosyncrasy, or dimin- 
Ished tolerance. Centra! nervous system reactions: excitation and/or 
depression; restlessness, anxiety, dizziness, blurred vision, or 
tremors, possibly proceeding to convulsions. Depression may be the 
first manifestation followed by drowsiness merging Into unconscious- 
ness and respiratory arrest. 


Cardiovascular system reactions: depression of the myocardium 
manifested by an initia! episode of hypotension, bradycardia, and 
cardlac arrest. - 

Neurologic adverse reactions: In the practice of epidural block, occa- 
sional inadvertent penetration of the subarachnold space may occur; 
subsequent reactions may Include spinal block of varying magnitude, 
loss of bowel and bladder control, loss of perineal sensation and Sex- 
ual function. Persistent neurological deficit of some lower spinal 
segments with slow recovery (several months) has been reported In 
rare Instances. 


Dosage and Administration: See full prescribing Information. 


NESACAINE Is supplied in 1% and 2% solutions in 30 m! multiple 
dose vials. 


NESACAINE-CE is supplied In 2% and 3% solutions in 30 mi single 
dose viais. 
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Recording 


Evoked Potentials 
in Extreme — 
Environments 


Clinical applications of evoked po- 
tentials recorded in the surgical suite, 
emergency room, and intensive y 
care unit are increasing very rapidly. | 
However, for evoked potential : 
instruments these are difficult 
environments. When used in these 
areas, many instruments which 
perform adequately in the quiet 
of the laboratory may suddenly 
become unduly susceptible to 
noise interference, may be 
difficult to operate because of 
complex control procedures, or 
may be too bulky to fit conve- 
niently into a crowded, highly 
instrumented test area. 

Life-Tech’s 8000 series evoked 
potential instruments have 
many unique features which 
deall equip them to operate 
in these demanding 
environments. 








Special 
Extreme Environment 


Features Of The 8000s 


e Compact and rugged for maximum 
convenience in crowded, busy areas 

e Modular for easy serviceability 

e Simple, straightforward controls 

e High amplitude resolution increases 
allowable noise at input 

e Very high amplifier input impedance 
optimizes performance when electrode 
placement is suboptimal 

e Adjustable artifact reject allows use where 
high-level background noise would require 
non-adjustable reject to be turned of 

e Optical patient isolation protects against 

d voltage surges 

e Direct view of analog signal allows quick & 
identification of background noise ? 
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SEMINARS IN ANESTHESIA 
RONALD L. KATZ, M.D., Editor-in-Chief 


Seminars in Anesthesia is designed to provide 
the anesthesiologist with a review of important 
topics in the field. Each issue is devoted to an 
area of particular importance in which invited 
experts discuss a wealth of clinical experience. 


TOPICS IN VOLUME 1, 1982: 
#1. New Drugs in Anesthesia 
#2. Obstetrics in Anesthesia 
#3. Anesthesia for the Cardiac Patient 
#4. Intensive Care 


Volume 2, 1983, Published quarterly, about 300 
pages 

Annual subscription rate, U.S.A.: $34.00 

(Outside U.S.A.: $38.00) ISSN: 0277-0326 


DRUG DISPOSITION IN 
ANESTHESIA 


DONALD R. STANSKI, M.D., and 
W. DAVID WATKINS, M.D., Ph.D. 


A Volume in the SCIENTIFIC BASIS OF 
CLINICAL ANESTHESIA Series 


This book is designed to provide the anesthesiol- 
ogist with a thorough understanding of the dis- 
tribution, elimination, and metabolism of drugs 
used intravenously in anesthesia. The chapters 
illustrate the application of the concepts of phar- 
macokinetics and metabolism to the practice of 
anesthesia. The volume first defines the impor- 
tant concepts of drug pharmacokinetics and me- 
tabolism for the anesthesiologist. It then exam- 
ines the pharmacokinetics and metabolism of the 
specific drugs used in anesthesia, relating their 
kinetics and metabolism to their clinical use. The 
effects of disease states, anesthesia, and surgery 
on individual drug kinetics and metabolism is 
developed. 


1982, 208 pp., $24.50 ISBN: 0-8089-1498-7 
Order Code: 794308 


Journal subseriptions are for the calendar year and are pay- 
able in advance. Prices Include postage, handling, and air 
freight where applicable. Please direct all orders and inquiries 
to the Journal Subscription Fulfillment Department. On book 
orders, send payment with order and save postage and hand- 
ling. All prices are in U.S. dollars and are subject to change 
without notice. 





Grune & Stratton 


A: Subsidiary of Harcourt Brace Jovanovich, Publishers 
New York * London « Toronto * Sydney « San Francisco 
111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
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INFECTION AND THE 
PERIOPERATIVE PERIOD 


ALIX MATHIEU, M.D., and 
JOHN F. BURKE, M.D. 


This volume is edited by Dr. Alix Mathieu, an 


anesthesiologist whose research interests have ~~ 


been in the area of immunologic parameters in 
anesthetic agents, and Dr. John F. Burke, a sur- 
geon whose credits in the field of infection in- 
clude his recent invention of an artificial skin for 
burn patients. It will furnish anesthesiologists 
with the latest information on the spread of in- 
fection and its implications for the treatment of 
the infectious patient in the perioperative period. 
It examines the many aspects of infection that 
are of importance to anesthesiologists and sur- 
geons and provides a basis for choosing the opti- 
mal treatment for infectious patients in need of 
surgical intervention. This work will prove in- 
valuable to students and practicing anesthesiolo- 
gists and all specialists involved in the prepara- 


tion or care of patients in the perioperative period. 


1982, 464 pp., 60 illus., $44.50 ISBN: 0-8089-1325-5 


Order Code: 792801 


ANAESTHESIA 
EDITED BY T. B. BOULTON and J. N. LUNN 


This monthly journal presents articles of current 
scientific and clinical interest related to the clini- 


cal activities of anesthetists. It is the official jour- . 
nal of the Association of Anaesthetists of Great: 


be 
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Britain and Ireland and reports on the Associa- =. 


tion’s activities. Book and audio visual reviews 
and a correspondence section are also featured. 


Volume 38, 1983, Published monthly 
Annual subscription rate: $172.50 ISSN: 0003-2409 


THE NURSE ANESTHETIST 
AND THE LAW 


MARY JEANETTE MANNINO, C.R.N.A., J.D. 


The nurse anesthetist is a highly skilled special- 
ist in a critical field. Until now, the legal rights- 


and responsibilities of this role had not been 


adequately defined. This timely work provides 
up-to-date, in-depth coverage of important judi- 
cial and legislative enactments that every nurse 
anesthetist should be aware of, including statu- 
tory and regulatory law, malpractice—profession- 
al negligence, consent and informed consent, 
vicarious liability, and prevention of anesthesia 
lawsuits. This long-needed work is an indispens- 
able compilation of the laws that affect the live- 
lihood and professional integrity of nurse anes- 
thetists. 

1982, 176 pp., $17.50 ISBN: 0-8089-1496-0 


` Order Code: 792680 
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No one else offers you as many options in 
disposable anesthesia breathing circuits 
and ventilator tubes as Ohio. 


That's because Ohio provides both con- 
ductive and non-conductive circuits in 36” 
or 60” lengths, with straight or swivel “Y” 
connectors and with or without filters. In 
pediatric and adult sizes, too. 


So for any procedure, you can choose the 
Ohio DABC circuit you need as deliber- 
ately as you do your anesthetic agent. 


As important, Ohio DABC anesthesia cir- 
cuits are engineered exclusively for anes- 
thesia ...to support accurate, dependable 
gas delivery. 

Designed for safety. 

All Ohio DABC disposable non-conduc- 
tive circuits feature 360° rotation at each 
tube connection. It ensures a positive fit at 
both patient and machine that reduces the 
possibility of accidental disconnects. 


What's more, disposable Ohio circuits give 
you another useful tool in your efforts to 
reduce nosocomial infection. Use each 
circuit just once and throw it away. You'll 
worry less about infection transmittal while 
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Ohio DABC Circuits: With so many, it’s easy 
7 to choose the right one. 


Conductive Ohio DABC circuits, too. 


For many reasons, conductive circuits may 
be your standard. Ohio developed con- 
ductive disposable circuits and continues 
to meet your needs by offering a wide vari- 
ety of them. 


Consistent, on-time delivery is a 
matter of course. 


Ohio has made a firm commitment to fast 
delivery of anesthesia circuits. They are 
stocked at leading medical supply dis- 
tributors throughout the U.S. and Canada, 
and are supported by a network of Ohio 
warehouses to ensure consistent sup- 
plies of circuits when... and where ... you 
need them. 


When you think about how many different 
circuits you need, remember your one clear 
choice: Ohio DABC circuits. 
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- Easily Sterilized By Steam Autoclave 


Choice Of: 

Cuff Design 

Murphy or Magill 
Inflation Plug or Valve 


BIVONA SURGICAL INC. 


5700 W. 23rd Ave. 








Onlyone 









sowe}ll 





= Provides prompt 
tranquilization 


= Inhibits emesis during 
and after surgery 


= Contributes to 
cardiovascular stability 


Unique among premedicants, 

INAPSINE* (droperidol) provides 
vasodilation and mild alpha-adrenergic 
blocking effects which can help protect 
against undue hypertensive reactions and 
changes in heart rate. 

Troublesome hypotension is unlikely 1n the 
absence of hypovolemia. Has little or no 
adverse effect on the heart or circulation. 


m Reduces the need for 
postoperative narcotics 


A premedicant that does more 
than premedicate 
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A PROFILE OF CHARACTERISTICS 
UNMATCHED BY ANY OTHER SINGLE AGENT 


Class of 
tranquilizer 








Hydroxy- 
zine 
Injection 









Elimination 
half-life 





Antiemetic 
activity 
















Alpha-adrenergic 
blockade 


May be used both 
IM and IV 















Less pain on 
Injection 





Same syringe 
compatibility 
with atropine, 
scopolamine 


Please see brief summary of Prescribing Information on next page. 
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Inapsine 


(droperidol) Injection 


Inapsine?® (droperidol) Injection B 


* Before’ prescribing please consult complete prescribing information, of 
_ which the following is a brief summary. 
DESCRIPTION: 
2 ml. and 5 ml. ampouies 
Each ml. contains: 
DroperidO aes ane ava iearceate ucuae ve dea Chee ee ees 2.5 mg. 


Lactic acid for pH adjustment to 3.4 + 0.4 
{0 ml. vials 
Each mi. contains: , 
DIOPENIGO sronda he eae EA E E AE 2.5 mg. 


With 1.8 mg. methylparaben and 0.2 mg. propylparaben, and lactic acid for 
pH adjustment to 3.4 + 0.4. 

Protect from light. Store at room temperature. 

FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 

Droperidol is a neuroleptic (tranquilizer) agent. 


INDICATIONS: INAPSINE (droperidol) is indicated: 

to produce tranquilization and to reduce the incidence of nausea and 
vomiting in surgical and diagnostic procedures; 

for premedication, induction, and as an adjunct in the maintenance of 
general and regional anesthesia; 

in neuroleptanalgesia in which INAPSINE (droperidol) is given concur- 
rently with a narcotic analgesic, such as SUBLIMAZE® (fentanyl) injection, 
to aid in producing tranquility and decreasing anxiety and pain. 


_ CONTRAINDICATIONS: INAPSINE (droperidol) is contraindicated in 
patients with known intolerance to the drug. 


WARNINGS: FLUIDS AND OTHER COUNTERMEASURES TO 
MANAGE HYPOTENSION SHOULD BE READILY AVAILABLE. As 
with other CNS depressant drugs, patients who have received INAPSINE 
(droperidol) should have appropriate surveillance, 

If INAPSINE (droperidol) is administered with a narcotic analgesic such as 
SUBLIMAZE (fentanyl), the user should familiarize himself with the special 
properties of each drug, particularly the widely differing durations of action. 
In addition, when such a combination is used, resuscitative equipment and a 
narcotic antagonist should be readily available to manage apnea. See 
package insert for fentanyl before using. Narcotic analgesics such as 
SUBLIMAZE (fentanyl) may cause muscle rigidity, particularly involving 
the muscles of respiration. This effect is related to the speed of injection. Its 
incidence can be reduced by the use of slow intravenous injection. Once this 
effect occurs, it is managed by the use of assisted or controlled respiration 
and, if necessary, by a neuromuscular blocking agent compatible with the 
patient’ condition. 

The respiratory depressant effect of narcotics persists longer than their 
measured analgesic effect. When used with INAPSINE (droperidol), the 
total dose of all narcotic analgesics administered should be considered by 
the practitioner before ordering narcotic analgesics during recovery from 
anesthesia. It is recommended that narcotics, when required, be used 
initially in reduced doses as low as 4 to % those usually recommended. 


PRECAUTIONS: The initial dose of INAPSINE (droperidol) should -be 
appropriately reduced in elderly, debilitated and other poor-risk patients. 
The effect of the initial dose should be considered in determining incremen- 
tal doses. Certain forms of conduction anesthesia, such as spinal anesthesia 
and some peridural anesthetics, can cause peripheral vasodilatation and 
hypotension because of sympathetic blockade. Through other mechanisms 
INAPSINE (droperidol) can also alter circulation. Therefore, when INAP- 
SINE (droperidol) is used to supplement these forms of anesthesia, the 
anesthetist should be familiar with the physiological alterations involved, 
and be prepared to manage them in the patients selected for this form of 
anesthesia. 

If hypotension occurs, the possibility of hypovolemia should be considered 
and managed with appropriate parenteral! fluid therapy. Repositioning the 
patient to improve venous return to the heart should also be considered when 
operative conditions permit. It should be noted that in spinal and peridural 
anesthesia, tilting the patient into a head down position may result in a 
higher level of anesthesia than is desirable, as well as impair venous return to 
the heart. Care should be exercised in moving and positioning of patients 
because of the possibility of orthostatic hypotension. If volume expansion 
with fluids plus other countermeasures do not correct the hypotension, then 
the administration of pressor agents other than epinephrine should be 
considered. Epinephrine may paradoxically decrease the blood pressure in 
patients treated with INAPSINE (droperidol) due to the alpha-adrenergic 
blocking action of droperidol. 

Since INAPSINE (droperidol) may decrease pulmonary arterial pressure, 
this fact should be considered by those who conduct diagnostic or surgical 
procedures where interpretation of pulmonary arterial pressure measure- 
ments might determine final management of the patient. Vital signs should 
be monitored routinely. 

Other CNS depressant drugs (¢.g. barbiturates, tranquilizers, narcotics, and 
general anesthetics) have additive or potentiating effects with INAPSINE 
(droperidol). When patients have received such drugs, the dose of INAP- 
SINE (droperidol) required will be less than usual. Likewise, following the 
administration of INAPSINE (droperidol}, the dose of other CNS depres- 
sant drugs should be reduced. 
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INAPSINE (droperidol) should be administered with caution to patients 
with liver and kidney dysfunction because of the importance of these organs 
in the metabolism and excretion of drugs. ` 

When the EEG is used for postoperative monitoring, it may be found that the 
EEG pattern returns to normal slowly. 

Since INAPSINE (droperidol) is frequently used with the narcotic analgesic 
SUBLIMAZE (fentanyl), it should be noted that fentanyl may produce 
bradycardia, which may be treated with atropine; however, fentanyl should 
be used with caution in patients with cardiac bradyarrhythmias* 


ADVERSE REACTIONS: The most common adverse reactions reported to 
occur with INAPSINE (droperidol) are mild to moderate hypotension and 
occasionally tachycardia, bui these effects usually subside without treat- 
ment. If hypotension occurs and is severe or persists, the possibility of 
hypovolemia should be considered and managed with appropriate paren- 
teral fluid therapy. Postoperative drowsiness is also frequently reported. 
Extrapyramidal symptoms (dystonia, akathisia, and oculogyric crisis) have 
been observed following administration of INAPSINE (droperidol). Rest- 
lessness, hyperactivity, and anxiety which can be either the result of 
inadequate dosage of INAPSINE (droperidol) or a part of the symptom 
complex of akathisia may occur. When extrapyramidal symptoms occur, they 
can usually be controlled with anti-parkinson agents. 

Other adverse reactions that have been reported are dizziness, chills and/or 
shivering, laryngospasm, bronchospasm and postoperative hallucinatory 
episodes (sometimes associated with transient periods of mental depres- 
sion). 

When INAPSINE (droperidol) is used with a narcotic analgesic such as 
SUBLIMAZE (fentanyl), respiratory depression, apnea, and muscular 
rigidity can occur: if these remain untreated respiratory arrest could occur. 
Elevated blood pressure, with or without preexisting hypertension, has been 
reported following administration of INAPSINE (droperidol) combined 
with SUBLIMAZE (fentanyl) or other parenteral analgesics. This might be 
due to unexplained alterations in sympathetic activity following large doses; 
however, it is also frequently attributed to anesthetic or surgical stimulation 
during light anesthesia. 


DOSAGE AND ADMINISTRATION: Dosage should be individualized. 
Some of the factors to be considered in determining the dose are age, body 
weight, physical status, underlying pathological condition, use of other 
drugs, type of anesthesia to be used, and the surgical procedure involved. 

Vital signs should be monitored routinely. 

Usual Adult Dosage 

I. Premedication—(to be appropriately modified in the elderly, debilitated, 

and those who have received other depressant drugs) 2.5 to 10 mg. (1 to 4 
ml.) may be administered intramuscularly 30 to 60 minutes preopera- 
tively. 

Il. Adjunct to General Anesthesia 
Induction—2.5 mg. (i ml.) per 20 to 25 pounds may be administered 
(usually intravenously) along with an analgesic and/or general anes- 
thetic. Smaller doses may be adequate. The total amount of INAPSINE 
(droperidol) administered should be titrated to obtain the desired effect 
based on the individual patient's response. 

Maintenance-1.25 to 2.5 mg. (0.5 to 1 ml.) usually intravenously (see 
warning regarding use with concomitant narcotic analgesic medication 
and the possibility of widely differing durations of action). 

If INNOVAR® injection is administered in addition to INAPSINE 
(droperidol), the calculation of the recommended dose of INAPSINE 
(droperidol) should include the droperidol contained in the INNOVAR 
injection. See INNOVAR injection Package Insert for full prescribing 
information. 

. Use Without A Genera! Anesthetic In Diagnostic Procedures—Ad min- 
ister the usual T.M. premedication 2.5 to 10 mg. (1 to 4 ml.) 30 to 60 
minutes before the procedure. Additional 1.25 to 2.5 mg. (0.5 to 1 ml.) 
amounts of INAPSINE (droperidol) may be administered, usually 
intravenously (see warning regarding use with concomitant narcotic 
analgesic medication and the possibility of widely differing durations of 
action). 

Note: When INAPS{NE (droperidol) is used in certain procedures, such 
as bronchoscopy, appropriate topical anesthesia ts still necessary. 

IV. Adjunct to Regional Anesthesia—2.5 to 5 mg. (1 to 2 ml.) may be 

administered intramuscularly or slowly intravenously when additional 
sedation is required. 


HOW SUPPLIED: 2 mi. and 5 mi. ampoules-packages of 10; 10 ml. 
multiple-dose vials—packages of 10. 

US. Patent No, 3,161,645 

NDC 50458-010-02; NDC 50458-010-05; NDC 50458-010-10 


March 1980, Revised June 1980 
*See full prescribing information for complete description. 
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Resuscitators 


New materials - resilient silicone and transparent 
polysulfone - provide unsurpassed resistance to 
temperature extremes, chemicals and aging. 

New masks, new swivel type mask connector, 
new snap-on couplings are also important 


improvements. 


LAERDAL MEDICAL CORPORATION 


ONE LABRIOLA COURT, ARMONK N.Y. 10504 


in Canada Safety Supply Co. Toronto. Ont Branches Coast-to-Coast 


Manufacturers of Resusci Anne Ħ Recording Anne » Arrhythmia Anne « Intubation Training 


Models Ħ Adult and Infant Bag Mask Resuscitators +e Emergency Aspirators 


Easier and less expensive to clean. Use any 
common decontamination method. 

Autoclave up to 136°C (277°F), boil, pasteurize, 
ETO or cold sterilize. Again and again without 
deterioration. 

Unparalleled useful life. 





SILICONE 
RESUSCITATORS | 





ADULT forall age groups over 10 

CHILD for patients of 1% - 10 

INFANT for newborn including 
premature and infants 
up to 2 years. 
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Over 500 million administrations throughout the world. 
Well over 125 million administrations in the 
United States alone. 


Somewhere in the world— every two seconds— someone makes another decision 


ae use FLUOTHANE® (halothane, U.S.P.). And for good reasons: 


oFLUOTHANE has been more widely investigated than any other 
inhalation anesthetic. 























Oo The FLUOTHANE experience shows association with hepatotoxicity 
to be extremely rare! According to conclusions drawn from the 
United States National Halothane Study and other studies,* unex- 
plained jaundice following anesthesia with halothane “...was a rare 
occurrence (approximately 1:30,000 administrations) and... the over- 
all safety record of the anesthetic was excellent. ”? | 


o FLUOTHANE “...is nearest to the ideal [inhalation anesthetic] pres- 
ently available for children of all ages. “° 


oFLUOTHANE has been recommended as the | anesthetic of choice’* 
for asthmatics. 


: Bånd, of particular benefit in o and cardiovascular surgery: : 
- FLUOTHANE. Nor does it produce an increase in a salivary o or. 
- bronchial secretions. 


: `A comprehensive retrospective analysis covering 836,000 general anesthesias-~ namig one-third — 
c using FLUOTHANE. Bunker, LE, et al: The National Halothane Study. Washington, DC., 
a “Government Printing Otice, 1969, 





R, Sipes, LG.: Biochem. Pharmacol. 
A 
de Anesthesiology 43:268-276 (Aug.) 






nest < F l Averst igboran 
to s New York, N. I 10017 - 





nt coadings, Virginia Society of Anesthesiclogists, 
April 26-22. 1979, Richmond, VA. 





the most widely used inhalation 
anesthetic in the world 


FLUOTHANE 
(halothane, U.S.P) 





tor a wide variety of 
techniques and procedures in patients of all ages 


(Compiete text of package circular) 
Description. FLUOTHANE, brand of halothane, 
US.P., is an inhalation anesthetic. It is 2- 
bromo-2-chioro-1, 1, 1-trifluoroethane and has 
the following structural formula: 


F Br 
N Z 
F m C Ci 
Z ‘N 
F H 


The specific gravity is 1.872-1.877 at 20°C, 
and the boiling point (range) is 49°C — 51°C a 
760 mm Hg. The vapor pressure is 243 mm Hg 
at 20°C. The blood/gas coefficient is 2.5 at 
37°C, and the olive ail/water coefficient is 220 
at 37°C. Vapor concentrations within anesthetic 
range are nonirritating and have a pleasant 
odor FLUOTHANE is nonflammable, and its 
vapors mixed with oxygen in proportions from 
0.5 to 50 per cent (v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When moisture 
is present, the vapor attacks aluminum, 
brass, and lead, but not copper. Rubber, somre 
plastics, and similar materials are soluble in 
FLUOTHANE; such materials will deteriorate 
rapidly in contact with FLUOTHANE vapor or 
liquid. Stability of FLUOTHANE is maintained 
by the addition of 0.01 per cent thymol (w/w;, 
up to 0.00025% ammonia (w/w), and storage 
is in amber colored bottles. 

FLUOTHANE should not be kept indefinitely 
in vaporizer bottles not specifically designed for 
its use. Thymol does not volatilize along with 
FLUOTHANE, and therefore accumulates in 
the vaporizer, and may, in time, impart a yellow 
color to the remaining liquid or to wicks in 
vaporizers. The development of such discolcra- 
tion may be used as an indicator that the vapor- 
izer should be drained and cleaned, and the 
discolored FLUOTHANE (halothane, U.S...) 
discarded. Accumulation of thymol may be 
removed by washing with diethyl ether After 
cleaning a wick or vaporizer, make certain ail 
diethyl ether has been removed before reusing 
the equipment to avoid introducing ether into 
the system. 
cannes FLUOTHANE is an inhalation anes- 
thetic. Induction and recovery are rapid 
and depth of anesthesia can be rapidly al- 
tered. FLUOTHANE progressively depresses 
respiration. There may be tachypnea with 
reduced tidal volurne and alveolar ventilation. 


FLUOTHANE is not an irritant to the respiratory 
tract, and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal and 
laryngeal reflexes are rapidly obtunded. It 
Causes bronchodilation. Hypoxia, acidosis, or 
apnea may develop during deep anesthesia. 

FLUOTHANE reduces the blood pressure, 
and frequently decreases the pulse rate. The 
greater the concentration of the drug, the more 
evident these changes become. Atropine may 
reverse the bradycardia. FLUOTHANE does not 
cause the release of catecholamines from adre- 
nergic stores. FLUOTHANE also causes dilation 
of the vessels of the skin and skeletal muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia, These include nodal 
rhythm, AV dissociation, ventricular extrasys- 
toles and asystole. FLUOTHANE sensitizes the 
myocardial conduction system to the action of 
epinephrine and norepinephrine, and the com- 
bination may cause serious cardiac arrhyth- 
mias. FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces moder- 
ate muscular relaxation. Muscle relaxants are 
used as adjuncts in order to maintain lighter 
levels of anesthesia. FLUOTHANE augments 
the action of nondepolarizing relaxants and 
ganglionic blocking agents. FLUOTHANE is a 
potent uterine relaxant, 
indications. FLUOTHANE (halothane, U.S.P) is 
indicated for the induction and maintenance of 
general anesthesia. 

Contraindications. FLUOTHANE is not recom- 
mended for obstetrical anesthesia except when 
uterine relaxation is required. 

Warnings. When previous exposure to 
FLUOTHANE was followed by unexplained 
jaundice, consideration should be given to the 
use of other agents. 

FLUOTHANE should be used in vaporizers 
that permit a reasonable approximation of out- 
put, and preferably of the calibrated type. The 
vaporizer should be placed out of circuit in 
closed circuit rebreathing systems: otherwise 
overdosage is difficult to avoid. The patient 
should be closely observed for signs of overdos- 
age, Le., depression of blood pressure, pulse 
rate, and ventilation, particularly during 
assisted or controlled ventilation. 

Usage in Pregnancy. Safe use of 
FLUOTHANE has not been established with 
respect to possible adverse effects upon feta! 
development. Therefore, FLUOTHANE should 
not be used in women where pregnancy is 





possible and particularly dunng early pregnancy, 
unless, in the judgment of the physician, the 
potential benefits outweigh the unknown haz- 
ards to the fetus. 

Precautions. The uterine relaxation obtained 
with FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives and oxy- 
tocic posterior pituitary extract. 


FLUOTHANE increases cerebrospinal fluid all 


pressure. Therefore, in patients with markedly 
raised intracranial pressure, if FLUOTHANE is 
indicated, administration should be preceded 
by measures ordinarily used to reduce cerebro- 
spinal fluid pressure. Ventilation should be 
carefully assessed, and it may be necessary to 
assist ar contro! ventilation to insure adequate 
oxygenation and carbon dioxide removal. 

Epinephrine ar norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane, U.5.P) anesthesia 

since their simultaneous use may induce ven- 
tricular tachycardia or fibrillation, 

Nondepolarizing relaxants and ganglionic 
blocking agents should be administered cau- 
tiously, since their actions are augmented by 
FLUOTHANE., 

t has been reported that in genetically 
susceptible individuals, the use of general 
anesthetics and the muscle relaxant, succinyl- 
choline, may trigger a syndrome known as 
malignant hyperthermic crisis. Monitoring tem- 
perature during surgery will aid in early recogni- 
tion of this syndrome. Dantroiene sodium and 
Supportive measures are generally indicated in 
the management of malignant hyperthermia. 
Adverse Reactions. The following adverse reac- 
tions have been reported: mild, moderate and 
severe hepatic dysfunction Gnciuding hepatic 
necrosis), cardiac arrest, hypotension, respira- 
tory arrest, cardiac arrhythmias, hyperpyrexia, 
shivering, Nausea, and emesis. 

Dosage and Administration. FLUOTHANE may 
be administered by the nonrebreathing technic, 
partial rebreathing, or closed technic. The 
induction dose varies from patent to patient. 
The maintenance dose varies from 0.5 per cent 
to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide. 

How Supplied. No. 3125-~Unit packages of 
125 ml and 250 mi of halothane, U.S.P, stabi- 
ized with 0.01% thyme! (wiw), and up to 
0.00025% ammonia (w/w). JIST/RB2 
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Hi-Lo Temp” 


Prove to yourself that the Hi-Lo Temp 
Stethoscope is The Sound Choice. 

To arrange an evaluation of the stethoscope or 
any of NCC’s other temperature monitoring 
devices in your hospital call 800-833-8842 
toll-free and ask for Sandy Mcintosh. Or send 
coupon. 


Ji p 


for accúrate core / 
temperature monitoring 
with uncompromised 
heart_and lung 

sound transmission 


* CLEAR SOUNDS— Uniformly thin-walled 
sensitive cuff efficiently transmits sound to 
inner lumen permitting you to clearly heaf 
cardiac_ard ventilatory sounds. 

“SUPERB SENSITIVITY —Cuff is caréfully 
mounted to maintain the sensitivity that its 
thinness allows. 

* ENHANCED TRANSMISSION —Construction of 
tube enhanees§ transmission of sound from 
catt tő earpiece connector. 

. RELIABILITY —Sensors are individually tested 
for electrical continuity to provide you the 
confidence of NCC quality. 

* VERSATILITY —Choice of models to fit most 
patient temperature monitors, including NCC’s 
Hi-Lo Temp Monritór and monitors utilizing 
YSL490 Series compatible electronics. 


See package insert prior to use. 


NCC Division . 
Mallinckrodt, Inc. 
230 Dix Avenue 

Glens Falls, NY 12801 


I'd like to know more about the full line of NCC temperature probes. Please call 
me to arrange an evaluation. 

PLEASE PRINT 

NAME _ 

TILE — 

HOSPITAL 


ADDRESS 


CITY 
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“Destined to become one of the classics of anaesthesia... . 


-~ British Medical Journal, on Medicine for Anaesthetists, 1st edition 


“~  . it is a work that can and should be read. . . from cover 
to cover... 


New 2nd Edition! 


Medicine for 
Anaesthetists 


Edited by M.D. Vickers, F.F.A.R.C.S,; with 23 

contributors. 

A careful, accurate assessment of the health 

of the patient is essential for safe anesthesia 

— whether you're selecting the most 

effective anesthetic or avoiding hazards from 

preexisting conditions. The new edition of 
this acclaimed reference is the source to 
turn to in assessing patients for anesthesia. It 
emphasizes commonly encountered, routine 
conditions. Discussion of anesthetic 
technique is focused on interactions between 
the medical condition and the choice of 
method. 

è new chapters on immunologically related 
diseases and psychological aspects of 
anesthesia 

® relates anesthesia to medical pathophysiology 

è takes a problem-oriented approach 

1982. 647 pages, 103 illustrations. (B-5302-9} 

Price. $65.00. A Blackwell Scientific 

Publication. 





You'll also want these titles on your reference shelf: 


NEW! NEW! 15 illustrations. (B-0512-1) About 924.50. A 
Anaesthesia for Thoracic Principles and Practice of Pharmacology Blackwell Scientific Publication. 
S for Anaesthetists 

urgery By T.N. Calvey, M.D. and N.E. Williams, The Circulation in Anaesthesia: Applied 
By J.W.W. Gothard, F.F.A.R.C.S. and MA. F.F.A.R.C.S. October, 1982. Approx. 336 Physiology and Pharmacology 
Branthwaite, M.D. pages, 45 illustrations. (B-1159-8) Price, Edited by C. Prys-Roberts, F.F.A.R.C.S.; with 
The authors discuss anesthetic techniques $38.50. A Blackwell Scientific Publication. 18 contributors. 1980. 656 pages, 215 illus- 
for thoracotomy, operations on the lung, trations. {B-4063-6) Price, $83.00. A 
pleura, chest wall, diaphragm, NEW! Blackwell Scientific Publication. 
tracheobronchial tree, and esophagus. Anaesthesia and Related Subjects in 
1982. 199 pages, 56 illustrations. (B- 1940-8) Orthopaedic Surgery 
Price, $26.50. A Blackwell Scientific Edited by David W. Barron, M.D.; with 8 
Publication. contributors. July, 1982. Approx. 216 pages, 





Save time! Save money! 

US. customers call our 24 hour, 
7-day-a-week hotline: 800-345-8501 
(In Pennsylvania, call 1-800-662-5180) 


YES! Please send my 30-day on approval copies of: 


O VICKERS (B-5302-9) Price, $65.00 0 PRYS-ROBERTS (B-4063-6) Price, $983.00 
() CALVEY (B| 159-8) Price, $38.50 O GOTHARD (B-1940-8) Price. 926.50 





AMS364-00 | O BARRON (B-0512-1) About $24.50 

G Bill me {J Payment enclosed 

CT MasterCard F VISA 
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Blackwell Scientific Publications Cit 
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For faster handling, mail to: Linda Anderson, The C.V. Mosby Company, 11830 Westline Industrial Dr., 
St. Louis, MO 63141 


30-day approval good in U.S. and Canada. PRICES SLIGHTLY HIGHER OUTSIDE GSA. ALL PRICES ARE SUBJECT TO 
CHANGE. Add applicable sales tax. 


THE Cv MOSBY COMPANY 
497830 WESTLINE INDUSTRIAL DEIVE 
ST LOUIS. MISSOURI 63141 
THE C V MOSBY COMPANY. LIMITED 
MOSBY 120 MELFORD DRIVE i 
eee at en. SCARBOROUGH. ONTARIO M1B 2X5 
TIMES MINNORN CANADA 
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Super 
Safety Clear 


RUSCH’ Features 
Clear Tracheal Tubes 
with Nasoral Tip 


Nasoral tip with 
inserted catheter 


The newly developed, gently cupped 
nasoral tip allows for better patient 
care intubation, oral and nasal. 

it prevents accumulation of mucus 
and damage to the tracheal wall. 
During patient ventilation, turbulence 
is reduced. 

The imbedded radiopaque indicator 
is continuous from proximal 

to distal tip, facilitating accurate 
placement of the tube. 


The inner lumen configuration, 
at the tip, allows to easily pass 
a suction catheter. 

The clear, see through material 
composition, enables visualized 
detection of misting, 

aiding ventilation monitoring. 
The cuff is dependably sealed 
with a one-way valve, which 
accepts a Luer Lok as well as 
a Luer Slip syringe. 


RUSCH 


53 West 23rd Street 
New York, N.Y. 10010 
Phone (212) 675-5556 


2000 Ellesmere Rd. Scarborough, 
Ontario M1H2W4 (416) 438-6317 
















Monitoring 
THERMOMETERS JEM 400 Guide Speeds 
N ppm | Endotracheal Tube 


Changes 
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À Tin malert Model tag | 


| 

| 

| Endotracheal tube changing is greatly simplified 
| through the use of the JEM 400 Guide Tube. Once 
| replacement tube cuff is deflated and lubricated, 
| 
| 
| 
| 
| 






Model TH-6 with column clamp TH/CC-i 


m MAJOR USES m SENSORS AND 
Anesthesia, Cardiac Surgery, MICROPROBES 
Hyperthermia, Patency 42 types, stainless steel, 
Monitors, Bio-research, etc. Tefion, ete. 


e DIGITAL DISPLAY u SAFETY 
Easily read to 0.1°C Werks on low vollage batteries 


u FAST RESPONSE E BATTERY LIFE 
Readings in 20 seconds 1 Year (6 Hours per Day) 
BRIEF SPECIFICATIONS 
INSTRUMENT ACCURACY: 0.2°C (worst case) in the range 0-50°C 
SAFETY STANDARDS: Conforms to: NFPA 56A Inhalation Anesthetics, 
UL 5441972, ANSI/AAMI Safe Current Limits. 


Mode! TH-6 is extremely reliable, accurate and has no confusing 


knobs or switches. You can read it to 1/10" at 20 m 
feet. TH-6 can also be used with disposable Bailey 
stethoscope temperature probes made b 

p p P Y Poni M 


National Catheter Co. and others. 


515 Victor St. « Saddle Brook, NJ 07662 » (201) 845-7252 


adapter from patient's existing tube is removed and 
Guide is inserted through the E.T. lumen to the 
Guide mark. This aligns Guide tip with bevel of en- 
dotracheal tube. Stabilize Guide, deflate cuff, and 
remove old tube. New tube is then passed over 
Guide until proximal end is at Guide mark. Remove 
the Guide, reattach adapter, and inflate cuff. This 
procedure takes 30 to 120 seconds. A smooth, 
polished end minimizes risk of tracheal mucosal 
trauma, Write for additional information. 









INSTRUMENTATION 
INDUSTRIES Ow. 


1211 Streets Run Road, Pittsburgh PA 15236 
412 i BS2-771) or 684-5161 
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The Department of Anesthesiology 
and The Page and William Black 
Post-Graduate School of Medicine 
of the 
Mount Sinai School of Medicine (CUNY) 


MEDICAL ARTS BUREAU, 
INC. 


announce The Doctor's Ideal Business Management System 


THE 
20TH BERNARD H. ELIASBERG 
MEMORIAL SYMPOSIUM 


e Accounts Receivable Control 
® All Billing, Claim Forms, Statements Prepared 


e Persona! Bookkeeping 5ervice 
e Computerized Reports 


For a Management System Analysis, 
Call Mr. Jerry KADISH 


Anesthesia— 
Current Status 


Saturday, December 4, 1982 


The Mount Sinai Medical Center 
New York, New York 


Tel. (201) 656-1400 (Catt COLLECT) 


Locations at: 

424 Bergen Avenue 
tersey City, NI 07306 
Phone (207) 656-140 


BÜ Marris Avenue 
Springfield, Nj Q7084 
Phone (209) 379-7737 


Torresdale Staton 
Box 16026 

Phila, Pa, 19774 
Phere. (300) 526-0000 


SO AAE EEEE EE EEE EE EEE N EEEE E CPE EEOAE 


This program is supported by an 
educational grant from Janssen Pharmaceutica. 
5401 Westbard Ave. 
Suie HH 
Bethesda, MOD 20816 
Phone. (KH) 565-3098 


46 Bayard Street 
New Brunswick, Ni 08903 
Phone (201) 246-1540 


50 Ridgefield Ave. 
Suite 408 

Bridgeport, Ct. 06610 
Phone. (203) 336-2006 


For information and application: 


Director, The Page and William Black 
Post-Graduate School of Medicine 
Mount Sinai School of Medicine 


| 
Intravenous 
| 
| 
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One Gustave L. Levy Place 
New York, N.Y. 10029 
Telephone (212) 650-6737 
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106 S. Loudoun Street 


Winchester, VA 2260 
Phone (703) 662-0100 


36 Firat Avenue 
Denville, MI G7834 
Phone (207) 625-1995 
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21st CLINICAL CONFERENCE 
IN 
PEDIATRIC ANESTHESIOLOGY 


FEBRUARY 4-6 1983 


To be held at the: 
Los Angeles Marriott Hotel 


For information write to: 


Wayne Herbert, M.D. 

Program Director 

Pediatric Anesthesiology Foundation 
Childrens Hospital of Los Angeles 
P.O. Box 54700 

Los Angeles, CA 90054 







NEUROANESTHESIA 
FELLOWSHIPS 
at the 
UNIVERSITY HEALTH CENTER 
OF PITTSBURGH 










~- More than 2,000 neurosurgical operations annually 





—~Actiwe clinical research programs 





We offer structured educational programs in both clinical neu- 





roanesthesia and neuroanesthesia research. The clinical program 
includes six to eight months operating room anesthesia for 
neurosurgical operations and rotations in neurology, neurora- 
diology, neuropathology, neurosurgery and critical care. Clinical 
research emphasizes EEG and evoked potentials studies in the 
operating room, the intensive care unit and the primate labo- 
ratory. 


For further information contact: 


Betty L. Grundy, MD 

Director of Neuroanesthesia 

University of Pittsburgh School of Medicine 
Department of Anesthesiology/Critical Care Medicine 
1060-E Scaife Hall 

Pittsburgh, PA 15261 

Telephone: (412)624-1481 


The University of Pittsburgh is an institution that follows the 
principles of Affirmative Action in all its principles. 





SUBSPECIALTY AND RESEARCH TRAINING 


ANESTHESIOLOGY/CCM 


IN 





The University of Pittsburgh offers subspecialty and clinical research training at the fourth and fifth postgraduate year levels. A limited 
number of positions are available for physicians who have completed the base clinical year and two years of clinical anesthesia training. 
More than 50,000 anesthetics are performed annually, including more than 2,000 neurosurgical, 7,000 obstetric, 8,000 pediatric and 700 
cardiac anesthesias (including 25 heart and heart lung transplantations). Further, over 4,000 patients are treated in the ICUs. 


NEUROANESTHESIA 


Betty L. Grundy, MD 

Director, Division of Neuroanesthesia 
University of Pittsburgh 

School of Medicine 

1060-B Scaife Hall 

Pittsburgh, PA 15261 

CRITICAL CARE MEDICINE 

Ake Grenvik, MD 

Director of Critical Care Medicine 
2414 Presbyterian-University Hospital 
DeSoto at O'Hara Street 

Pittsburgh, PA 15213 


PEDIATRIC ANESTHESIA 


D. Ryan Cook, MD 
Anesthesiologist-in-Chief 
Childrens Hospital of Pittsburgh 
Fifth and DeSoto 

Pittsburgh, PA 15213 


ANESTHESIA RESEARCH 


Peter M. Winter, MD 
Professor and Chairman 
Dept. of Anesthesiology 
University of Pittsburgh 
School of Medicine 
1385 Scaife Hall 
Pittsburgh, PA 15261 


OBSTETRIC ANESTHESIA 


Ezzat Abouleish, MD 
Chief, Obstetric Anesthesia 
Magee-Womens Hospital 
Forbes and Halket 
Pittsburgh, PA 15213 


CARDIAC ANESTHESIA 

John J. Sassano, MD 

Jose Marquez, MD 

Co-Directors, Division of 
Cardiac Anesthesia 

2406 Presbyterian-University 
Hospital 

DeSoto at O’Hara Street 

Pittsburgh, PA 15213 


The University of Pittsburgh is an institution that follows the principles of Affirmative Action in all its principles. 


(51) 


PEDIATRIC ANESTHESIOLOGY RESF 
DENCY 


Childrens Hospital of Los Angeles has ad- 
vanced clinical program for residents at 
the second and third year level of training. 
Also accepting applications from practic- 
ing anesthesiologists who wish to update 
their knowledge and proficiency. Positions 
available from 2 months to 1 year. Spe- 
cialized year approved by the AMA. For 
further details contact: 

George B. Lewis, Jr., MD 

Head, Division of Anesthesiology 

Childrens Hospital of Los Angeles 

4650 Sunset Boulevard 

4650 Sunset Boulevard 

Los Angeles, CA 90027 

Phone (213) 662-1708 
A Aa TE ee E 
ANESTHESIOLOGIST: 
Private practice opportunity with a 12- 
member group. Excess of 15,000 cases per 
year encompassing the full range of Anes- 
thesiology practice. We practice in a 750- 
bed teaching hospital with residents, med- 
ical students, and CRNAs. We are seeking 
a well trained American or Canadian grad- 
uate who is interested in joining our di- 
verse practice, with above average com- 
pensation, in the Midwest Great Lakes 
area. Please reply with C.V. to Box 9-82- 
A, c/o IARS. 


INTENSIVE CARE 
ANESTHESIOLOGIST: 


The Department of Anesthesiology, Uni- 
versity of California, Davis, seeks inten- 
sive care anesthesiologist. Active surgical 
ILC.U, service and excellent clinical re- 
search facilities. Assist/Assoc Professor 
commensurate with credentials. Candi- 
dates should have completed at least a 3- 
yr residency and have a minimum of one 
year experience in research, and/or critical 
care; be Board certified or eligible; meet 
California State license qualifications. 
Women and minorities are encouraged to 
apply. Send curriculum vitae and names 
of three references to Hamilton 5. Davis, 
M.D., University of California, Davis, De- 
partment of Anesthesiology, Davis, Ca., 
95616. The University of California is an 
equal opportunity/affirmative action em- 
ployer. 

FED-Open Until Filled 


Classified! 
ADVERTISING 


ANESTHESIOLOGIST: 


Attractive anesthesia opportunities avail- 
able nationwide on a permanent or locum 
tenens basis. Let our health professionals 
find you that special position; with no cost 
to you. Inquiries in confidence to: 
HEALTH MANAGEMENT SERVICES, 
5555 W. Greenbrier Dr., Glendale, AZ 
85308 (602) 978-4676. 





PEDIATRIC ANESTHESIOLOGIST: 


The Department of Anesthesiology, Uni- 
versity of California, Davis, seeks pediatric 
anesthesiologist. Active neonatal and pe- 
diatric service and excellent clinical re- 
search facilities. Assist/Assoc Professor 
commensurate with credentials. Candi- 
dates should have completed at least a 3- 
year residency and have a minimum of 
one year experience in research, teaching 
or clinical care including open-heart sur- 
gery; be Board certified or eligible; meet 
California State license qualifications. 
Women and minorities are encouraged to 
apply. Send curriculum vitae and names 
of three references to Hamilton S. Davis, 
M.D., University of California, Davis, De- 
partment of Anesthesiology, Davis, Ca., 
95616. The University of California is an 
egual opportunity/affirmative action em- 
ployer. 

FFD-Open Until Filled. 


GENERAL ANESTHESIOLOGIST: 


The Department of Anesthesiology, Uni- 
versity of California, Davis, seeks anesthe- 
siologist. Active anesthesia service and ex- 
cellent clinical research facilities. Lecturer/ 
Assistant Professor commensurate with 
credentials. Candidates should have com- 
pleted at least a 3-year residency and have 
a minimum of one year experience in re- 
search, teaching or clinical care; be Board 
certified or eligible; meet California State 
License qualifications. Women and minor- 
ities are encouraged to apply. Send curric- 
ulum vitae and names of three references 
to Hamilton 5. Davis, M.D., University of 
California, Davis, Department of Anesthe- 
siology, Davis, Ca., 95616. The University 
of California is an equal opportunity/af- 
firmative action employer. 

FFD-Open Until Filled. 
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ANESTHESIOLOGISTS 


needed, Board certified or eligible in ex- 
panding 650-bed medical center. Excellent 
practice opportunity. Please contact R. P. 
Strader, M.D., Western Anesthesiology, 
P.O. Box 24507, St. Louis, MO 63141. 


i 
PEDIATRIC ANESTHESIOLOGY FEL- 
LOWSHIP— 


The Children’s Hospital, Denver, Colo- 
rado offers an approved PGY-4 fellowship 
year encompassing extensive operating 
room experience with opportunities for 
training in pediatric and neonatal intensive 
care, as well as participation in clinical 
research. 6,000 surgical procedures an- 
nually, 32-bed pediatric ICU and 32-unit 
neonatal tertiary care center. For infor- 
mation contact: Charles H. Lockhart, 
M.D., Director of Anesthesiology, The 
Children’s Hospital, 1056 E. 19th Avenue, 
Denver, CO 80218. 


CRITICAL CARE FELLOWSHIP 


Applications now being accepted for the 
1983 academic year (early starting date 
available.) This is a 1-2 year program in a 
24-bed multidisciplinary Critical Care 
Center with computerized cardiovascular 
monitoring, mass spectrometer and stat 
lab. In addition to clinical opportunities 
for research, investigation can be con- 
ducted in a well-equipped animal lab. Pro- 
gram affiliated with Jacksonville Health 
Education Program/University of Florida. 
Candidates must be Board eligible/certi- 
fied in either anesthesiology, surgery or 
internal medicine. Send C.V. to: M. 
Mathru, M.D., Director, Critical Care 
Medicine, Memorial Hospital, P. O. Box 
16325, Jacksonville, Florida 32216. 





WESTERN MASS: 


Anesthesiologist, Board certified or cur- 
rently in the Examination System, inter- 
ested in teaching, to foin the Dept. of 
Anesthesia of the 950-bed Baystate Med- 
ical Center, Springfield, MA. Fee-for-ser- 
vice, P.C., Full share after one year. Please 
send C.V. or call: Franco Dinale, Chair- 
man, or Howard Trachtenberg, V. Chair- 
man, 759 Chesmut St., Springfield, 
MA. 01107 (413) 787-4327 or 787-4212. 


~- 


y 


am, 


OREGON: 


Oregon Health Sciences University, De- 
partment of Anesthesiology is recruiting 
for faculty members at the Assistant and 
Associate Professor level. Specialized year 
training or equivalent experience desira- 
ble. Specific need exists in critica] care, 
obstetrical anesthesia, pediatric anesthe- 
sia, and regional anesthesia and pain ther- 
apy although all applicants with strong 
clinical teaching ability and interest will 
be considered. Candidates must be eligible 
for Oregon Medical License. Please send 
C-V to Wendell C. Stevens, M.D., Oregon 
Health Sciences University, Department 
of Anesthesiology, 3181 5.W. Sam Jackson 
Park Road, Portland, OR, 97201. The Or- 
egon Health Sciences University is an 
equal opportunity/affirmative action em- 
ployer. 





ANESTHESIOLOGIST— 

33, Board certified, completing internal 
medicine residency. Seeking fee-for-ser- 
vice or hospital based practice in midwest, 
July 1983. Reply to Box 10-82-B, c/o IARS. 


The Ellis Fischel Cancer Center, recently 
designated a regional cancer center, is be- 
ginning a search for Director of Depart- 
ment of Anesthesiology. The Director 
would be expected to provide general and 
regional anesthesia for all types of cancer 
surgery. Experience in departmental ad- 
ministration is desirable. Experience in 
pain control and intensive care is desira- 
ble. Research and teaching opportunities 
are available. Salary is competitive with 
other institutions. Contact William G, 
Kraybill, M.D., Chairman of Search Com- 
mittee for Anesthesiology, Ellis Fischel 
Cancer Center Hospital, Columbia, Mis- 
souri 65201. Phone: (314) 875-2214. 





ANESTHESIOLOGIST: 

Board certified or eligible, to join profes- 
sional corporation serving a rural hospital 
in coastal Virginia. No cardiac or neuro- 
surgery. Idéal for semi-retired person. Op- 
portunity to purchase practice. Reply to 
Box 10-82-D, c/o LARS. 


classified 
ADVERTISING 





CRITICAL. CARE FELLOWSHIP: 


One year fellowship in critical care for 
physicians who are Board eligible in med- 
icine or anesthesia. Rotations offered in 
trauma anesthesia, hyperbaric medicine, 
infectious disease, trauma resuscitation, 
psychiatry, and EMS systems. Competitive 
salary, opportunities for basic and clinical 
research available. Send curriculum vitae 
to Peter Chodoff, M.D., M.P.H., Director 
of Critical Care/Anesthesia, Maryland In- 
stitute for Emergency Medical Services 
Systems, 22 S. Greene Street, Baltimore, 
MD 21201. 





Department of Anesthesiology, Medical ` 


College of Ohio at Toledo, seeks qualified 
additional faculty at Assistant Professor 
and Associate Professor levels for clinical 
practice, teaching and research involve- 
ment. Adding high-risk obstetrical unit 
late 1983. Interest in regional anesthesia 
and pain management sought. Candidates 
must be ABA certified or eligible and have 
Ohio license. Competitive salary commen- 
surate with background and experience. 
New medical school campus and hospital 
in attractive lake-side community with ex- 
cellent family assets, and recreational op- 
portunities. Please send letter, CV plus 
three references to John T. Martin, M.D., 
Professor and Chairman, Department of 
Anesthesiology, Medical College of Ohio 
at Toledo, CS 10008, Toledo, Ohio 43699. 


OKLAHOMA: 

Staff Anesthesiologist at Associate or As- 
sistant Professor level to fill recently cre- 
ated staff position in general anesthesia. 
Must have completed a residency ap- 
proved by the American Board of Anes- 
thesiology. The person will be required to 
work with residents, interns and medical 
students in teaching and in the delivery of 
health care. Research interests are also 
desirable and facilities are available for 
those interested. Should be available 1982. 
Contact Bertram E. Sears, MLD., Univer- 
sity of Oklahoma Health Sciences Center, 
Oklahoma City, Oklahoma 73190. De- 
partment of Anesthesiology Telephone: 
405 271-4785 An equal opportunity em- 
ployer. 
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OKLAHOMA: 


Staff Anesthesiologist at Associate or As- 
sistant Professor level to augment existing 
staff of pediatric anesthesia at the Okla- 
homa Children’s Memorial Hospital. Must 
be Board certified or qualified with interest 
in Pediatric Anesthesiology. Interest in 
working with residents, interns and med- 
ical students. Research opportunities 
available. An equal opportunity/affirma- 
tive action employer. Contact Bertram E. 
Sears, M.D., Department of Anesthesiol- 
ogy, University of Oklahoma, Oklahoma 
City, Oklahoma 73190 Telephone: (405) 
271-4785 


OKLAHOMA: CARDIOVASCULAR 
ANESTHESIOLOGIST. 


Director, Section of Cardiothoracic Anes- 
thesia, Department of Anesthesiology, 
University of Oklahoma Health Sciences 
Center. Assistant or Associate Professor 
depending on experience. Responsible for 
patient care and resident education. Re- 
search facilities available. For information 
contact Bertram E. Sears, M.D., Depart- 
ment of Anesthesiology, University of 
Oklahoma Health Sciences Center, Okla- 
homa City, Oklahoma 73190 Telephone: 
(405) 271-4785 


ANESTHESIOLOGISTS— 


Excellent, pre-qualified individuals avail- 
able to join your group on a career or 
temporary basis. For more information 
please contact: Southwest Anesthesia Ser- 
vices, R.R. #3 Box 86 MM, Santa Fe, New 
Mexico 87501. (505) 983-7371. 


INTENSIVIST— 


37 ABA, fellowships cardiac anes./critical 
care, seeking fee-for-service opportunities 
with anes./resp./critical care require- 
ments, Director of an ICU and Co-Director 
of a nationally known ICU with fellowship 
trainees. Experienced in establishing an 
ICU (admin., equipment, nursing proto- 
cols, continuing staff education, billing, 
etc.) Director of large resp. therapy de- 
partment. Variety of national lecture ex- 
perience/author. American-born/trained. 
All locations and institutional sizes consid- 
ered. Reply to Box 10-82-A, c/o LARS. 





ROCKY MTS./SOUTHWEST— 


We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Ex- 
penses paid; partnerships usually avail- 
able. Please contact Southwest Anesthesia 
Services, R.R. #3 Box 96 MM, Santa Fe, 
New Mexico 87501 (505) 983-7371. 


ANESTHESIOLOGIST— 

Board certified/eligible: To join four phy- 
sician, private fee-for-service anesthesial- 
Ogy group. Group provides total anesthe- 
sia care in busy modern metropolitan hos- 
pital (300 beds). Excellent salary, fringe, 
continuing education and related profes- 
sional development. Beautiful community 
with excellent schools and education. 
Great opportunity for professional and fi- 
nancial growth in family oriented com- 
munity. Immediate opening but will wait 
for right candidate. Send qualifications to 
Medical Park Anesthesiologists, Inc., 
Medical Park, Wheeling, WV 26003. 


MARSHFIELD CLINIC 


seeks anesthesiologist to join 7 M.D.s and 
15 CRNAs in providing services for mul- 
tispecialty group of 190 physicians and 
512-bed referral hospital. Please send cur- 
riculum vitae to Sidney E. Johnson, M.D., 
Marshfield Clinic, Marshfield, WI 54449 
or call collect at 715-387-5253. 


MARYLAND: 


Opening for staff anesthesiologist. Mini- 
mal requirements are: 3 years residency 
training, experience in intensive care, neu- 
rosurgical, thoracic, obstetric and pediatric 
anesthesia, Board eligibility in Maryland, 
teaching interest. Clinical research interest 
desirable. Competitive stipend, outstand- 
ing fringe benefits. Full-time faculty ap- 
pointment at The Johns Hopkins Univer- 
sity School of Medicine. Send curriculum 
vitae to: T. Crawford McAslan, M.D., 
Chairman, Department of Anesthesiology, 
Baltimore City Hospitals, 4940 Eastern Av- 
enue, Baltimore, Maryland 21224. 


classitiied 
ADVERTISING 


ANESTHESIOLOGIST— 

NEW JERSEY—Full-time position avail- 
able at VA Medical Center, East Orange. 
Board certified, interested in Academic 
Medicine, Intensive Care, Cardiac Anes- 
thesia and Research, Faculty appointment 
at UMDNJ. Salary commensurate with ex- 
perience and certification. Send curricu- 
lum vitae to Monica I. Aleniewski, M.D., 
Chief of Anesthesiology, VA Medical 
Center, East Orange, New Jersey 07019. 
An equal opportunity employer. 





WEST VIRGINIA UNIVERSITY: 

Pain Clinic Fellowship commencing July 
1, 1983 available to applicant with three 
years post graduate training in anesthe- 
siology. Multi-disciplined Pain Clinic, 
seeing approximately 2,500 patients 
yearly, 25% of which are new patients. 
Clinic based on out-patient model with in- 
house beds available. Regular staff in- 
cludes three anesthesiologists, a psychia- 
trist, and two clinical psychologists. Ancil- 
lary services include physical therapy, oral 
surgery and family practice. For further 
information contact Robert Bettinger, 
M.D., Director of Pain Clinic, Department 
of Anesthesiology, West Virginia Univer- 
sity Medical Center, Morgantown, WV 
26506. Deadline for applications is March 
1, 1983. An equal opportunity/affirmative 
action employer. ; 





ANESTHESIOLOGISTS— 

Full-time, tenure-track, teaching positions 
in a large, rapidly expanding University 
Program. Opportunities available at As- 
sistant, Associate, and full Professor levels 
in Pain Clinic, Obstetrical, Pediatric and 
Cardiac Anesthesia. Also seeking anesthe- 
siologist with minimum of two years ex- 
perience in Respiratory and Intensive Care 
to carry out teaching and research in Res- 
piratory Care. Board certification desirable 
but not mandatory. Competitive salaries 
and fringe benefits. Address inquiries, in- 
cluding curriculum vitae, to Alon P. Win- 
nie, M.D., Chairman, Department of 
Anesthesiology, University of Illinois Hos- 
pital, 1740 West Taylor Street, Chicago, IL 
60612. The University of Ilinois is an 
Equal Opportunity/Affirmative Action 
Employer. 
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ANESTHESIOLOGIST WANTED 

to join 169 physician, multi-specialty 
group with an adjacent 447-bed hospital. 
New clinic building recently completed. 
Gundersen Clinic, Ltd. is in a progressive 
community with expanding university and 
private college. Population 50,000, Cul- 
tural and recreational facilities, Beautiful 
setting; good schools. Excellent pension 
program, no investment required. Service 
organization. Write: J. Michael Hartigan, 
M.D., Chairman, Personnel Committee, 
Gundersen Clinic, Ltd., 1836 South Ave- 
nue, La Crosse, WI 54601. 


ANESTHESIOLOGIST—PHOENIX, 
ARLZONA AREA— 


Board certification preferable, Arizona li- 
censure, unique group practice, no OB, 
JCAH Hospital Accreditation—very early 
partnership. This position is available im- 
mediately. C.V. Reply to Box 11-82-B, c/ 
o LARS. 


ANESTHESIOLOGIST: 


The Maryland Institute for Emergency 
Medical Services Systems has a need for 
anesthesiologists with an interest in 
trauma and critical care. The Institute is 
the clinical trauma center for Maryland 
statewide system. Opportunities for re- 
search, teaching and academic appoint- 
ment available. Board certification pre- 
ferred. Please contact: Peter Chodoff, 
M.D., M.P.H., MIEMSS, 22 S. Greene 
Street, Baltimore, Maryland 21201 (301) 
528-3058, 


ANESTHESIOLOGY 

Interesting and challenging opening for 
junior faculty with specialty interest in 
pain and ICU. Ample opportunity for in- 
vestigative research. Close to all of the 
cultural and social amenities of the Big 
Apple. Send current C.V. to James E. Cot- 
trel, M.D., Professor and Chairman, De- 
partment of Anesthesiology, SUNY 
Downstate Medical Center, Box 6, 450 
Clarkson Avenue, Brooklyn, NY 11203, 
EO/AA Employer. DMC-132C. 
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ANESTHESIOLOGIST 


29, ABA eligible, passed written Boards, 
recently university trained, proficient in 
all types of anesthesia, including OH & 
OB, experienced in supervision of CRNAs, 
seeks private practice in, or within a 1-hr. 
drive of a metropolitan center of 100,000 
or more. Willing to relocate to any region. 
Reply to Box 11-82-A, c/o LARS. 
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31, University trained, fellowship in pedi- 
atric anesthesia, Board certified in Pediat- 
rics and Anesthesiology, over l-year of 
teaching, research and administrative ex- 
perience in a major university hospital. 
Seeking a challenging private practice 
(solo or group) in pediatric anesthesia in 
the New York tristate area. Reply to Box 
11-82-C, c/o IARS. 
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Now formulated without parabens, Regonol is a 
fast-acting reversal agent with documented 
advantages over neostigmine. It maintains 
greater cardiovascular stability,’ causes fewer 
muscarinic side effects,2 and has up to 33% 
longer action.? A wider margin between the anti- 
curare dose and the neuromuscular biocking 
dose? assures better control of the patient. 
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References: 1. Gyermek L: Curr Ther Res 18:377-386, 1975. 2. Katz RL Anesthesiology 26 528-534. 1967 


BRIEF SUMMARY-—(Piease consult full package insert, enclosed in every package, before 
using Regonol) 

INDICATIONS—Pyridostigmine bromide is useful as a reversal agent or antagonist to 
nondepolarizing muscle relaxants. 


CONTRAINDICATIONS—-Known hypersensitwity to anticholinesterase agents: intestinal and 
unnary obstructions of mechanical type. 

WARNINGS —Pyridostigmine bromide should be used with particular Cauhon in patients with 
bronchial asthma or cardiac dysrhythmias. Transient bradycardia may occur and be relieved by 
atropine sulfate. Atropine should also be used with caution in patients with cardiac dysrhyth- 
mias. When large doses of pyndostigmine bromide are administered, as during reversal of 
muscle relaxants, prior or simultaneous injection of atropine sulfate is advisable. Because of the 
possibility of hypersensitivity in an occasional patient, atropine and antishock medication 
should always be readily avaiable. 

When used as an antagonist to nondepolanzing muscle relaxants. adequate recovery of 
voluntary respiration and neuromuscular transmission must be obtained pror to discontinua- 
ton of respiratory assistance and there should be continuous patient observation. Satisfactory 
recovery may be defined by a combination of clinical judgement, respiratory measurements and 
observation of the effects of peripheral nerve stimulation, if there 6 any doubt concerning the 
adequacy of recovery from ihe effects of the nondepolarizing muscle relaxant, artificial 
ventilation should be continued until all doubt has been removed. 


Use in Pregnancy—The salety of pyridostigmine bromide during pregnancy or lactation in 
humans has not been established. Therefore its use in women who are pregnant requires 
weighing the drug's potential benefits against its possible hazards to mother and child. 

ADVERSE REACTIONS—The side effects of pyridiostiqmine bronmude are most commonly 
related to overdosage and generally are of two varieties, muscarinic and nicotinic. Among those 
in the former group are nausea, vomiting, diarrhea, abdominal crarnps, increased peristalsis, 
increased salvation, increased bronchial secretions, miosis and diaphoresis. Nicotinic side 
effects are comprised chiefly of muscle cramps, fasciculation anc weakness. Muscarinic side 


effects can usually be counteracted by atropine. As with any compound containing the bromix 
radical, a skin rash may be seen in an cecasional patient. Such reactions usually subsi 
promptly upon discontinuance of the medication. Thrombophiebitis has been reporti 
subsequent fo intravenous administration. 


DOSAGE AND ADMINISTRATION —When pyridestigmine bromide is given intravenously 
reverse the action of muscle relaxant drugs, if is recommended that atropine suffate (0.6 to 1 
mg jor glycopyrrolate in equipotent doses be given intravenously immediately prior to 
sirnultaneous with its administration. Side effects, notably excessive secretions and bradycz 
dia are thereby minimized, Reversal dosages range from 6.1-0.25 mg /kg. Usually 10 or 20n 
of pyridastigmine bromide will be sufficient for antagonism of the effects of the nondepolarizis 
muscle relaxants. Although full recovery may occur within 15 minutes in most patients, othe 
may require a half hour or more. Satistaciory reversal cam be evident by adequate volunta 
respiration, respiratory measurements and use of a peripheral nerve stimulator device. it 
recommended that the patient be well ventilated and a patent ay way maintained unti comple 
recovery of normal respiration is assured. Once satisfactory reversal has been attaine 
recurarization has not been reported. . 

Failure of pyridostigmine bromide to provide prompt (within 30 minutes) reversal may acc 
gg. inthe presence of extreme debiltation, carcinomatosis, or with concomitant use of certa 
broad spectrum antibiotics ar anesthetic agents. notably ether Under these circumstanc 
ventilation must be supported by artificial means unti the patient has resumed control of F 
respiration. 


HOW SUPPLIED- Regonol is available in: 
mgm 2 mi. ampuls-—boxes of 25-—NDC-0062-0460-02 
5 mi. vials- boxes of 28—NDC-0052-0460-05 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 
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ompare the whole package 


Compared to the Physio-Control VSM™ 1 vital 
signs monitor, some new competitive monitors are 
bigger, fancier and more expensive. And some are 
less so. But more and more professionals are 
choosing the VSM 1 vital signs monitor because it’s 
the best total package. Consider: No other monitor 
in this field gives so much capability in so small a 
package at so low a price. It’s truly portable. Truly 
versatile. Truly the best value in the market. And, 
backed by the service team that’s truly the best in 
the country. The Physio-Control VSM 1 vital signs 
monitor. See it and compare for yourself. 





The VSM 1 Vital Signs Monitor from Physio-Control. 


Physio-Control Corporation + Cardiovascular Division - 11811 Willows Road - Redmond, Washington 98052 USA - (206) 881-4000 





“1982 Physio-Contral Corporation 
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The Reinforced Tracheal Tube was 
developed to reduce the risk of occlusion 
due to kinking and compression. 


The tube is used to provide a patient airway 
when the anesthesiologist must work at 
some distance from the surgical field 
Ing head and neck procedures and when 
t ‘ient’s position increases the risk of 
ġ a tube that is not reinforced* 

The tube is made of high quality poly- 
vinyl chloride (PVC), which is extruded to 
adniform thickness with the full-length 

[ forci arier , i 
reg forcing wire inside. This material and 
method of construction solve many of the 
problems associated with dipped latex 
anode tubes and provide a number of 
important advantages. 


The ea] Hh tube, smooth bevelled tip 
and hig ume, low pressure cuff work 
together to reduce possible mucosal trauma 
during intubation and in use. Reference 
depth marks 2 and 4 cm above the cuff 
facilitate proper tip replacement. Tight 
sealing of the reinforcing wire against the 
connector lowers the potential for kinking 
even at this “high-risk” junction. 

For more information about the advantages 
of extruded PVC reinforced tubes—and a 
free sample—write or call NCC. 


See package insert prior to use. 


FOR MORE INFORMATION 
Call 800-833-8842 and 
ask for Sandy McIntosh. 


NCC Division 
Mallinckrodt, Inc. 
MACOMB] Ecne 


n Da 
Mallinckrodt > 
® 


Glens Fälls, New York 12801 


Reinforcing wire is permanently 
sealed against the connector for 
added resistance to kinking. 

Low pressure, high volume cuff 
drapes lightly on trachea to reduce 
mucosal trauma, creates a seal with 
no distention and less danger of 
eccentric dilation. 

The short tip has no excess material 
to fold over and occlude lumen, 
smooth bevel helps prevent mucosal 
trauma. 

Standard Magill curve for easier 
intubation. 

Single-use convenience—no 
chance of ethylene oxide permea- 
tion during resterilization to cause 
blistering or separation of layers. 


CALL OR WRITE FOR FREE SAMPLE. 


*Ng TY, Kirimli BI: Hazards in Use ot Anode Tracheal Tube 
a Case Report and Review. Anesthesia and Analgesia, 
54:710. 1975 
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ETHRANE’ (enflurane) 


After 10 years, more reason now than ever . 
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CLINICAL PHARMACOLOGY 
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CONTRAINDICATIONS 
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RUSCH’ Features 
Clear Tracheal Tubes 
with Nasoral Tip — 


Nasoral tip 


Nasoral tip with 
inserted catheter 


The newly developed, gently. cupped The inner Jumen configuration, 

nasoral tip allows for better: patient at the tip, allows to easily pass 

care intubation, oral and nasal. - a suction catheter. — 

It prevents accumulation of | mucus The clear, see through material 

and damage to the tracheal wall. composition, enables visualized er 

During patient ventilation, turbulence detection of misting, ny RUSCH 

is reduced. aiding ventilation monitoring. 53 West 23rd Street 

The imbedded radiopaque indicator The cuff is dependably sealed — New York, N.Y. 10010 

is continuous from proximal — with a one-way valve, which © phone (212) 675-5556 

to distal tip, facilitating accurate > ac epts a Luer Lok as well aS 2000. Ellesmere Rd. Scarborough, 
placement of the tube -= aer Slip Syringe. Ontario MIH2W4 (416) 438-6317 
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nteractive Display to help you set 
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CHANNEL 1 
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Tells you immediately 
what parameter is 
exceeded during an 
alarm condition. 


LIMITS 


MENU 
ITEM 
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Transcutaneous Gas Monitor 38010 
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Wnly the beginning. 


A he new Critikon Transcu- 


w»aNeousS Monitor is the first 

of a series of technologi- 
sally advanced critical care 
monitors with features 

such as the Interactive 
Jisplay Panel that pro- 
yides simplified operation 
hrough 2-way communi- 
sation between you and 
he monitor. 


he Monitor that 


monitors itself. 





simply enter the limits you 
mwant for PO; and heater 
ower. The Critikon Moni- 





S0Or, using a microcomputer, 
Syj|| maintain a constant 
=vatch and sound an alarm 


PO: 


"SHANNEL 2 


R POWER 


JH w 
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It will also constantly moni- 
tor sensor temperature, 
time since last calibration, 
and more. The appropriate 
values will be displayed at 
your command. 


Guides you through 
every step for easy, 
accurate setup and 


calibration. 

Ask, and the Critikon 
Monitor will display a step- 
by-step procedure. No 
need to memorize setup 
or calibration procedures. 


Remote Sensor Unit 
maximizes bedside 


space. 

When space is at a pre- 
mium, the Critikon Monitor 
may be put in a more con- 
venient place—up to 12 ft. 
from the patient while the 
small, detachable Remote 
Sensor Unit remains at 
bedside. It keeps the con- 
trol at your fingertips. 


Multiple monitoring 
capability. 

The Critikon Transcutane- 
ous Monitor is currently 
available in two models: 
Model 8000 — Monitors 
tcPO: in a single patient. 
Model 8010 — Monitors 
tcPO: at two sites or on two 
patients at the same time. 


Microcomputer 

lets you keep pace 
with advancing 
technology. 

With the Critikon keyboard 
access system, changes in 


the software program can 
be made efficiently. For 


anoe, dA UPLU, FUT IC™ 
tion can be added to your 
Critikon tcPO; Monitor 
with ease when available 
after FDA approval. 


To get the complete story and a 
demonstration of this unique 
new product, write to the 
Marketing Communications 
Dept. of Critikon, Inc. at the 
address below. Or, better yet, 
phone toll-free 


800-237-7541 


(FL: 800-282-9151). 


Please see next page for 
brief summary. 


( CRITIKON j 


The Critical Care Company 
1410 N. Westshore Blvd. 
Tampa, FL 33607 
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BRIEF SUMMARY: 





© Critikon, Inc. 1982 


Critikon 
Transcutaneous 
Gas Monitor 


Indications: 
Intended for use in transcutaneous 
blood gas monitoring. 


Contraindications: 

This device is not designed, sold, 
or intended for use except as 
indicated. 


Limitations to patient selection: 
Patients exhibiting severe edema 
or dermatitis may be inappropriate 
candidates for transcutaneous 
monitoring. Peripheral vascular 
shutdown such as that associated 
with deep shock may affect the 
displayed tcPOz readings. Trend 
data, however, may prove valuable 
in its recognition and manage- 
ment. 


Wamings: 

Exercise caution when interpret- 
ing readings of patient receiving 
gas anesthesia. Must not be 
used in presence of flammable 
anesthetics. 


Cautions: 

Do not apply sensor to previously 
used site if site exhibits effects 

of monitoring such as redness or 
inflammation. Use of external heat 
sources such as radiant heaters 
may affect sensor temperature, 
power usage, and consequently 
tcPO: values. Exercise caution 
when interpreting readings of 
patient exposed to external heat 
sources. Federal law restricts this 
device to sale by or on the order 
of a physician. 


CRITIKON 


The Critical Care Company 
1410 N. Westshore Bivd., ampa, FL 33607 
800-237-7541 (FL: 8C0-282-9151) 
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JEM 400 Guide Speeds 
Endotracheal Tube 
Changes 


Cow 42 aye ee E 


Endotracheal tube changing is greatly simplified 
through the use of the JEM 400 Guide Tube. Once 
replacement tube cuff is deflated and lubricated, 
adapter from patient's existing tube is removed and 
Guide is inserted through the E.T. lumen to the 
Guide mark. This aligns Guide tip with bevel of en- 
dotracheal tube. Stabilize Guide, deflate cuff, and 
remove old tube. New tube is then passed over 
Guide until proximal end is at Guide mark. Remove 
the Guide, reattach adapter, and inflate cuff. This 
procedure takes 30 to 120 seconds. A smooth, 
polished end minimizes risk of tracheal mucosal 
trauma. Write for additional information. 


INSTRUMENTATION 
INDUSTRIES Sve. 


1211 Streets Run Road, Pittsburgh, PA 15236 
412 / 882-7711 or 884-5161 


MEDICAL ARTS BUREAU, 
INC. 


The Doctor’s Ideal Business Management System 


e Accounts Receivable Control 
e All Billing, Claim Forms, Statements Prepared 
e Personal Bookkeeping Service 


e Computerized Reports 


For a Management System Analysis, 
Call Mr. JERRY KADISH 
Tel. (201) 656-1400 (Catt COLLECT) 


Locations at 

924 Bergen Avenue lorresdale Station 80 Morris Avenue 

Jersey City, N| 07306 Box 16026 

Phone (201) 656-1400 Phila., Pa., 19114 
Phone: (800) 526-6000 


Springfield NJ 07081 
Phone (201) 379-7737 


46 Bayard Street 50 Ridgetield Ave 
New Brunswick, N| 08903 Suite 408 
Phone (201) 246-1540 Bridgeport, Ct. 06610 


Phone: (203) 336-2006 


106 S. Loudoun Street 
Wine hester. VA 22601 


Phone (703) 662-0100 


$6 First Avenue 
Denville, N] 07834 
Phone (201) 625-1995 


5401 Westbard Ave 
Suite 104 
Bethesda, MD 20816 


Phone: (301) 565-3098 





Announcing a 
new anesthetic concept 


-that provides | 
maximum protection 





Introducing a 
new anesthetic technique: 


This new technique—pre-intubation analgesic loading— 
involves administering enough SU BLIMAZE” (fentanyl) 
prior to intubation to last generally the length of the 
procedure. Pre- intubation upfront loading employs the 
pharmacokinetic properties of SU BLIMAZE:' (fentanyl) to 
best advantage compared with p.r.n. use or administration 
of the drug incrementally throughout the procedure. 





For further information and 2 gener il guidelines on pre- intubation ani ilg PeSIC loading with SUBLIMAZE (fent: ny). 
ple ise contact vour Janssen repres sent; itive or write Janssen Pharm aceutic: l 





mal JANSSEN 
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PHARMACEUTICA 


Janssen Pharmaceutica Inc. 1982 


Pre-intubation analgesic 
loading with 


Sublimaze 


fentanyl) Injection € 


A 
1. Provides maximum 20 
protection just prior to 
anesthetic and surgical stress 


Upfront loading immediately before 
intubation puts the maximum amount of 
SUBLIMAZE (fentanyl) on board just 6 
prior to laryngoscopy, intubation and 
incision, the stimuli responsible for maximum 
stress. (SUBLIMAZE helps attenuate rises 

in blood pressure and pulse rate.) 


2. Eliminates 
, ‘chasing the patient” 


This new technique helps prevent sympathetic | SSeS eR 
breakthrough and all the problems that stem O 
from “chasing the patient” 


Pharmacokinetics of a single LV. dose 
of 6.4 ug/kg fentanyl base in man’ 






© 


ng/ml of Plasma 


1.5 et) ts} tt Lan am am Al ee ee es ee ee ee ee es es ee es ee es 


0.6 


3. Permits most patients 
to breathe spontaneously 


: io 
at completion of surgery * i 
0 l 2 3 4 5 6 7 8 
Hours after injection 
4. Reduces need for : Slightly depressed spontaneous respiration below 1.5 ng/ml: normal 
postoperative narcotics respiration below 0.7ng/ml. 


*Note: Respiratory depression may last longer than analgesic action 
` ‘ 7 ’3 C 1’ ne ‘ ‘ CO > ; p x : a ; € č 
Postoperatively, residual plasma and tissue and this risk increases with Increasing doses. 


+levels provide sufficient analgesia to minimize l. McClain DA and Hug CC. Jr.: Intravenous fentanyl kinetics. Clin 
the need for additional narcotics. Pharmacol Ther 28(1):106-114, 1980. 





Please see brief summary 
l pi of Prescribing Information 
Available in easy-to-use 10 ml ampoules on next page. 


. Sublimaze: 
(fentanyl) Injection € 


Protect from light. Store at room temperature. 


Before prescribing, please consult complete prescribing information, of which the following is a brief summary 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 

DESCRIPTION 

Each ml. contains: 

PNT: taaa are aca chn ath Wey oc oleae raw cbc o a Laced SLI 50 mcg. (0.05 mg.) as the citrate 
Warning: May be habit forming. 

Sodium hydroxide for adjustment of pH to 4.0-7.5. 


CONTRAINDICATIONS 
SUBLIMAZE (fentanyl) is contraindicated in patients with known intolerance to the drug 


WARNINGS 


AS WITH OTHER CNS DEPRESSANTS, PATIENTS WHO HAVE RECEIVED SUBLIMAZE (fentanyl) SHOULD HAVE 
APPROPRIATE SURVEILLANCE. 


RESUSCITATION EQUIPMENT AND A NARCOTIC ANTAGONIST SHOULD BE READILY AVAILABLE TO MANAGE APNEA. 
See also discussion of narcotic antagonists in Precautions and Overcosage. 


If SUBLIMAZE (fentanyl) is administered with a tranquilizer such as INAPSINE (droperidol), the user should familiarize 
himself with the special properties of each drug, particularly the widely differing duration of action. In addition. when 
such a combination is used, fluids and other countermeasures to manage hypotension should be available. 

As with other potent narcotics, the respiratory depressant effect of SUSLIMAZE (fentanyl) may persist longer than the 
measured analgesic effect. The total dose of all narcotic analgesics administered should be considered by the 
practitioner before ordering narcotic analgesics during recovery from anesthesia. It is recommended that narcotics. 
when required, should be used in reduced doses initially, as low as V4 èo V3 those usually recommended. SUBLIMAZE 
(fentanyl) may cause muscle rigidity, particularly involving the muscles of respiration. The effect is related to the speed 
of injection and its incidence can be reduced by the use of slow intravenous injection. Once the effect occurs, it is 
managed by the use of assisted or controlled respiration and, if necessary, by a neuromuscular blocking agent 
compatible with the patient's condition. Where moderate or high doses are used (above 10 mcg. /kg.), there must be 
adequate facilities for postoperative observation, and ventilation if necessary, of patients who have received 
raters (fentanyl). It is essential that these facilities be fully equipped to handle all degrees of respiratory 

epression. 


Drug Dependence—SUBLIMAZE (fentanyi) can produce drug dependence of the morphine type and, therefore, has 
the potential for being abused. 

Severe and unpredictable potentiation by MAO inhibitors has been reported with narcotic analgesics. Since the safety 
of fentanyl in this regard has not been established, the use of SUBLIMAZE (fentanyl) in patients who have received MAO 
inhibitors within 14 days is not recommended. 

Head Injuries and Increased Intracranial Pressure—SUBLIMAZE (fentanyl) should be used with caution in patients 
who may be particularly susceptible to respiratory depression, such as comatose patients who may have a head injury 
or brain tumor. In addition SUBLIMAZE (fentanyl) may obscure the clinical course of patients with head injury. 
Usage in Children—The safety of SUBLIMAZE (fentany!) in childrer younger than two years of age has not been 
established. 

Usage in Pregnancy—The safe use of SUBLIMAZE (fentanyl) has 10t been established with respect to possible 
adverse effects upon fetal development. Therefore, it should be used in women of childbearing potential only when, in 
the judgment of the physician, the potential benefits outweigh the possible hazards. There are insufficient data 
regarding placental transfer and fetal effects; therefore, safety for the infant in obstetrics has not been established 


PRECAUTIONS 

The initial dose of SUBLIMAZE (fentanyl) should be appropriately reduced in elderly and debilitated patients. The effect 
of the initial dose should be considered in determining incremental doses. Nitrous oxide has been reported to produce 
cardiovascular depression when given with higher doses of fentanyl. 

Certain forms of conduction anesthesia, such as spinal anesthesia and some peridural anesthetics, can alter 
respiration by blocking intercostal nerves. Through other mechanisms SUBLIMAZE (fentanyl) can also alter respira- 
tion. Therefore, when SUBLIMAZE (fentanyl) is used to supplement these forms of anesthesia, the anesthetist should 
be familiar with the physiological alterations involved, and be prepared to manage them in the patients selected for 
these forms of anesthesia. 

When used with a tranquilizer such as INAPSINE (droperidol), blood pressure may be altered and hypotension can 
occur. 


Vital signs should be monitored routinely. 


SUBLIMAZE (fentanyl) should be used with caution in patients with chronic obstructive pulmonary disease, patients 
with decreased respiratory reserve, and others with potentially compromised respiration. In such patients, narcotics 
may additionally decrease respiratory drive and increase airway resistance. During anesthesia, this can be managed by 
assisted or controlled respiration. Respiratory depression caused by narcotic analgesics can be reversed by narcotic 
antagonists. Appropriate surveillance should be niaintained because tre duration of respiratory depression of duses of 
fentanyl employed during anesthesia may be longer than the durat on of the narcotic antagonist action. Consult 
individual prescribing information (levaliorphan, nalorphine and naloxone) before employing narcotic antagonists 
When a tranquilizer such as /NAPSINE (droperidol) is used with SUBLIMAZE (fentanyl) pulmonary arterial pressure 
may be decreased. This fact should be considered by those who conduct diagnostic and surgical procedures where 
interpretation of pulmonary arterial pressure measurements might determine final management of the patient. When 
high dose or anesthetic dosages of SUBLIMAZE (fentanyl) are employed, even relatively small dosages of diazepam 
may cause cardiovascular depression. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and general anesthetics) will have additive or 
potentiating effects with SUBLIMAZE (fentanyl). When patients have received such drugs, the dose of SUBLIMAZE 
(fentanyl) required will be less than usual. Likewise, following the adm nistration of SUBLIMAZE (fentany!), the dose of 
other CNS depressant drugs should be reduced. 

SUBLIMAZE (fentanyl) should be administered with caution to patients with liver and kidney dysfunction because of the 
importance of these organs in the metabolism and excretion of drugs. 

SUBLIMAZE (fentanyl) may produce bradycardia, which may be treated with atropine; however, SUBLIMAZE (fentanyl) 
should be used with caution in patients with cardiac bradyarrhythmias. 

When SUBLIMAZE (fentanyl) is used with a tranquilizer such as INAPSINE (droperidol) hypotension can occur. If this 
occurs, the possibility of hypovolemia should also be considered and managed with appropriate parenteral fluid 
therapy. Repositioning the patient to improve venous return to the heart should be considered when operative 
conditions permit. Care should be exercised in moving and positicning of patients because of the possibility of 
orthostatic hypotension. If volume expansion with fluids plus other countermeasures do not correct hypotension, the 
administration of pressor agents other than epinephrine should be considered. Because of the alpha-adrenergic 
blocking action of /NAPSINE (droperidol), epinephrine may paradoxically decrease the blood pressure in patients 
treated with INAPSINE (droperidol). 

When /NAPSINE (droperidol) is used with SUBLIMAZE (fentany!) and the EEG is used for postoperative monitoring, it 
may be found that the EEG pattern returns to normal slowly. 


ADVERSE REACTIONS 

As with other narcotic analgesics, the most common serious adverse reactions reported to occur with SUBLIMAZE 
(fentanyl) are respiratory depression, apnea, muscular rigidity, and bradycardia; if these remain untreated, respiratory 
arrest, Circulatory depression or cardiac arrest could occur. Other adverse reactions that have been reported are 
hypotension, dizziness, blurred vision, nausea, emesis, laryngospasm, and diaphoresis. 

It has been reported that.secondary rebound respiratory depression may occasionally occur postoperatively. Patients 
should be monitored for this possibility and appropriate countermeasures taken as necessary. 

When a tranquilizer such as INAPSINE (droperidol) is used with SUBLIMAZE (fentanyl), the following adverse reactions 
can occur: chills and/or shivering, restlessness, and postoperative hallucinatory episodes (sometimes associated with 
transient periods of mental depression); extrapyramidal symptoms (cystonia, akathisia, and oculogyric crisis) have 
been observed up to 24 hours postoperatively. When they occur, extrapyramidal symptoms can usually be controlled 
with anti-parkinson agents. Postoperative drowsiness is also frequently reported following the use of INAPSINE 
(droperidol). 





Elevated blood pressure, with and without pre-existing hypertension, has been reported following administration of 
SUBLIMAZE (fentanyl) combined with INAPSINE (droperidol). This might be due to unexplained alterations in 
sympathetic activity following large doses; however, it is also frequently attributed to anesthetic and surgical 
stimulation during light anesthesia. 


DOSAGE AND ADMINISTRATION silico Raha. a Fe 


Dosage should be individualized. Some of the factors to be considered in determining the dose are age, body weight, 

physical status, underlying pathological condition, use of other drugs, type of anesthesia to be used, and the surgical 

procedure involved. 

Vital signs should be monitored routinely. 

|.  Premedication—Premedication (to be appropriately modified in the elderly, debilitated, and those who have 
received other depressant drugs)—50 to 100 mcg. (0.05 to 0.1 mg.)(1 to 2 mi.) may be administered 
intramuscularly 30 to 60 minutes prior to surgery. 

ll. Adjunct to General Anesthesia—See Dosage Range Chart 

lll. Adjunct to Regional Anesthesia—50 to 100 mcg. (0.05 to 0.1 mg.)(1 to 2 mi.) may be administered 
intramuscularly or slowly intravenously, over one to two minutes, when additional analgesia is required 

IV. Postoperatively (recovery room)—50 to 100 mcg. (0.05 to 0.1 mg.)(1 to 2 mi.) may be administered 
intramuscularly for the contro! of pain, tachypnea and emergence delirium. The dose may be repeated in one to 
two hours as needed 

Usual Children's Dosage: For induction and maintenance in children 2 to 12 years of age, a reduced dose as low as 20 

to 30 mcg. (0.02 to 0.03 mg.)(C.4 to 0.6 ml.) per 20 to 25 pounds is recommended. 


DOSAGE RANGE CHART 


TOTAL DOSAGE 
Low dose—2 mcg. /kg. (.002 mg./kg.) (.04 mi./kg.) SUBLIMAZE® injection. Fentanyl in small doses is most 
useful for minor, but painful, surgical procedures. In addition to the analgesia during surgery. fentanyl may also 
provide some pain relief in the immediate postoperative period. Maintenance: Additional dosages of 
SUBLIMAZE injection are infrequently needed in these minor procedures. 

Moderate dose—2-20 mcg./kg. (.002-.02 mg./kg.)(.04-0.4 mi./kg.) SUBLIMAZE™" injection. Where sur- 
gery becomes more major, a larger dose is required. With this dose, in addition to adequate analgesia, one 
would expect to see some abolition of the stress response. However, respiratory depression will be such that 
artificial ventilation during anesthesia is necessary, and careful observation of ventilation postoperatively is 
essential. Maintenance: 25 to 100 mcg. (0.025 to 0.1 ma.)(0.5 to 2.0 ml.) may be administered intravenously 
or intramuscularly when movement and/or changes in vital signs indicate surgical stress or lightening of 
analgesia. 

High dose—20-50 meg./kg. (.02-.05 mg. /kg.)(0.4-1 mi./kg.) SUBLIMAZE® injection. During open heart 
Surgery and certain more complicated neurosurgical and orthopedic procedures where surgery is more 
prolonged, and in the opinion of the anesthesiologist, the stress response to surgery would be detrimental to 
the well being of the patient, dosages of 20-50 mcg./kg. (.02-.05 mg.)(0.4-1 mi.) of SUBLIMAZE injection 
with nitrous oxide oxygen have been shown to attenuate the stress response as defined by increased levels of 
circulating growth hormone, catecholamine, ADH, and prolactin. 

When dosages in this range have been used during surgery, postoperative ventilation and observation are 
essential due to extended postoperative respiratory depression. 

The main objective of this technique would be to produce “stress free” anesthesia. Maintenance: Maintenance 
dosage (ranging from 25 meg. (.025 mg.)(0.5 mi.) to one half the initial loading dose) will be dictated by the 
changes in vital signs which indicate stress and lightening of analgesia. However, the additional dosage 
selected must be individualized especially if the anticipated remaining operative time is short. 





























As a General Anesthetic 

When attenuation of the responses to surgical stress is especially important, doses of 50 to 100 mcg. ‘kg. (.05 to 0.1 
mg./kg.)(1 to 2 ml./kg.) may be administered with oxygen and a muscle relaxant. This technique has been reported to 
provide anesthesia without the use of additional anesthetic agents. In certain cases, doses up to 150 mcg./kg. (.15 
mg./kg.)(3 ml./kg.) may be necessary to produce this anesthetic effect. It has been used for open heart surgery and 
certain other major surgical procedures in patients for whom protection of the myocardium from excess oxygen 
demand is particularly indicated, and for certain complicated neurological and orthopedic procedures. 

As noted above, it is essential that qualified personne! and adequate facilities be available for the management of 
respiratory depression 

See Warnings and Precautions for use of SUBLIMAZE (fentany!) with other CNS depressants, and in patients with 
altered response. a 


OVERDOSAGE 

Manifestations: The manifestations of SUBLIMAZE (fentanyl) overdosage are an extension of its pharmacologic 
actions. 

Treatment: In the presence of hypoventilation or apnea, oxygen should be administered and respiration should be 
assisted or controlled as indicated. A patent airway must be maintained; and oropharyngeal airway or endotracheal 
tube might be indicated. If depressed respiration is associated with muscular rigidity, an intravenous neuromuscular 
blocking agent might be required to facilitate assisted or controlled respiration. The patient should be carefully 
observed for 24 hours; body warmth and adequate fluid intake should be maintained. If hypotension occurs and is 
severe or persists, the possibility of hypovolemia should be considered and managed with appropriate parenteral fluid 
therapy. A specific narcotic antagonist such as nalorphine, levallorphan, or naloxone should be available for use as 
indicated to manage respiratory depression. This does not preclude the use of more immediate countermeasures. The 
duration of respiratory depression following overdosage of fentanyl may be longer than the duration of narcotic 
antagonist action. Consult the package insert of the individual narcotic antagonists for details about use. 


HOW SUPPLIED 
2 mi. and 5 ml. ampoules—packages of 10. 
NDC 50458-030-02 NDC 50458-030-05 


March, 1980. Revised June, 1980. January, 1981 
U.S. Patent No. 3, 164 600 


10 mi. and 20 ml. ampoules— packages of 5. 

NDC 50458-030-10 NDC 50458-030-20 

(For intravenous use by hospital personnel 
specifically trained in the use of narcotic analgesics) 
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Now Monitor End Tidal CO, 


The Foregger CO2 Monitoring System is simple, easy to use, 
and suitable for patients from newborn to adult. It can be 
used to continously monitor patients, regardless of their ven- 
tilatory status —intubated or non-intubated, mechanically 
ventilated or spontaneously breathing. 


End tidal CO2 generally correlates well with arterial PaCOo 
in most patients and can rapidly indicate changes in 
metabolic condition. The strip-chart recorder makes CO% 
monitoring a diagnostic tool. Ventilatory inefficiency, cir- 
culatory changes, metabolic disorders, anesthetics and bar- 


biturates, and air emboli produce an interpretable COo . 


waveform on the capnogram. 


The Foregger CO2 Monitoring System features include: 


@ Peak or breath by breath displays 
@ Dual analog display in % CO2 or pCO2 (mmHg) 








Foregger F-500 Anesthesia Machine 
Shown With: 


@ Life-Lyte™ Electrolyte Analyzer 
@ Infrasonde Blood Pressure Monitor 


Lightweight rapid response side stream sampling 
system 

Patented water trap 

Apnea alarm 

Adjustable High/Low CO» alarms limits 

Minimal operating and maintenance costs 
Neonatal and disposable airway sampling kits 


Optional Strip Chart Recorder with digital display of 
rate, minimum and maximum CO9 


For a demonstration or additional information regarding the 
Foregger CO2 Monitoring System and how it can help you 
more effectively monitor and control your patient, contact 
your local Puritan-Bennett/Foregger Representative. 


Puritan-Bennett Corporation 
Foregger Medical Division 
835 Wheeler Way 
Langhorne, PA 19047 


FOREGGER 


MEDICAL DIVISION 


DATEX 
NORMOCAP™ 
CO, & O, MONITOR 


© DATEX 


MARK/ RESET 


STRESS monitoring for assessing anesthesia and analgesia 

BRAIN ACTIVITY monitoring to help ensure brain tissue oxygenatio 
e NEUROMUSCULAR TRANSMISSION monitoring which reveals type 

and degree of block 

RESPIRATORY STATE displayed through capnoscopy 


n d 


For further information in U.S. 
PURITAN-BENNETT Puritan-Bennett General Offices 
CORPORATION Oak at Thirteenth Streets 
Kansas City, Missouri 64106 





nesthesia and Brain activity Monitor" 


Frontal EMG 
Spontaneous frontal EMG amplitude trend 


enables you to see the effects of pain. and 
awareness: the most evident sign of insuffi- 
cient anesthesia is the patient’s response to 
a sudden pain stimulus. This response ap- 
pears in the frontal EMG even when all 
visual signs are absent. 


Changes in the EEG reflect changes in the 
patient’s brain activity and brain metabo- 
lism. The ABM displays trends of the two 
most informative parameters of the EEG 
signal: the average amplitude and the 
_average frequency. 


_ EEG-amplitude 


NMT 

Neuromuscular transmission monitoring is 
based on non-invasive peripheral nerve sti- 
mulation and EMG response recording 
using the train-of-four (TOF) method. 
Changes in the mode of the block are clear- 
ly seen as is the recovery of the muscle re- 
sponse. 


Continuous capnoscope (CO, ) display gi- 
ves visual diagnostic capability. Trend dis- 
play allows individual adjustment of venti- — 
lation and helps reveal changes in systemic 
and pulmonary circulation. 


Anesthesia and Brain activity Monitor 


For further information in other countries 


Instrumentarium Oy 
Elimäenkatu 22 

| 00510 HELSINKI 51, FINLAND 
a]: $20.7 ? 
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AN EXPANDED ROLE FOR 


Ketalar 





ketamine hydrochloride 


injection, USP 


Five separate studies wd 
involving 224 patients 
showed that Ketalar, 
administered by dilute 
continuous drip 
infusion concurrently 
with administration of 
diazepam, muscle 
relaxants, and nitrous oxide- 
oxygen, provides satisfactory 
F anesthesia and visceral analgesia 
for major surgery and a smooth 
emergence period without 
prolongation, delirium, or dreaming. The — 
incidence of emergence phenomena was 
reduced to less than 1%, as compared to 
approximately 12% when Ketalar had 
been used as the sole anesthetic 
agent. 


a 
a, 
“er 

sy 


Now the scope and usefulness of 
Ketalar have been broadened to 
include a wider range of surgical 
procedures whenever an injection 
anesthetic is preferred. 


Ketalar 
low-risk anesthesia for 
the high-risk patient. 
Please see next page for brief 
summary of prescribing information. 


*Data on file. Medical Affairs Dept, Parke-Davis 
c 1982 \Warner-Lambert Company 


Ketalare 


(Ketamine Hydrochloride 
Injection, USP) 


Before prescribing, please see full prescribing 
‘+. Information. A Brief Summary follows. 


SPECIAL NOTE 
EMERGENCE REACTIONS HAVE OCCURRED IN 
APPROXIMATELY 12 PERCENT OF PATIENTS. 


THE PSYCHOLOGICAL MANIFESTATIONS VARY IN 
“, SEVERITY BETWEEN PLEASANT DREAM-LIKE 


- “STATES, VIVID IMAGERY, HALLUCINATIONS, AND 
EMERGENCE DELIRIUM. IN SOME CASES THESE 
STATES HAVE BEEN ACCOMPANIED BY CONFUSION, 
EXCITEMENT, AND-IRRATIONAL BEHAVIOR WHICH A 
FEW PATIENTS RECALL AS AN UNPLEASANT EXPE- 
RIENCE. THE DURATION ORDINARILY iS NO MORE 
THAN A FEW HOURS: IN A FEW CASES, HOWEVER, 

- RECURRENCES HAVE TAKEN PLACE UP TO 24 
HOURS POSTOPERATIVELY, NO RESIDUAL PSYCHO- 
LOGICAL EFFECTS ARE KNOWN TO HAVE RESULTED 
FROM USE OF KETALAR. 

THE INCIDENCE OF THESE EMERGENCE PHENOM- 
ENA iS LEAST IN THE YOUNG (15 YEARS OF AGE OR 
LESS) AND ELDERLY (OVER 65 YEARS OF AG 

. PATIENT. ALSO, THEY ARE LESS FREQUENT WHEN 

_ THE DRUG IS GIVEN INTRAMUSCULARLY AND THE 

INCIDENCE [S REDUCED AS EXPERIENGE WITH THE 


`. DRUG [S GAINED. - 


. THE INCIDENCE OF PSYCHOLOGICAL MANIFESTA- 

. TIONS DURING EMERGENCE, PARTICULARLY 
DREAM-LIKE OBSERVATIONS AND EMERGENCE 
DELIRIUM, MAY BE REDUCED BY USING LOWER 
RECOMMENDED DOSAGES OF KETALARIN 
CONJUNCTION WITH INTRAVENOUS DIAZEPAM 
DURING INDUCTION AND MAINTENANCE OF ANES- 

` THES! OPa Donapea and Administration.) ALSO, 
THESE IONS MAY BE REDUCED IF VERBAL, 

a TACTILE AND VISUAL STIMULATION OF THE PATIENT 

MINIMIZED DURING THE RECOVERY PERIOD. 

+ HIS DOES NOT PRECLUDE THE MONITORING OF 

VITAL SIGNS. 

~ IN ORDER TO TERMINATE A SEVERE EMERGENCE 

REACTION THE USE OF A SMALL HYPNOTIC DOSE 

OF A SHORT-ACTING OR ULTRASHORT-ACTING 

BARBITURATE MAY BE REQUIRED. 

WHEN KETALAR IS USED ON AN OUTPATIENT BASIS. 

THE PATIENT SHOULD NOT BE RELEASED UNTIL 

RECOVERY FROM ANESTHESIA IS COMPLETE AND 

THEN SHOULD BE ACCOMPANIED BY A RESPON- 

SIBLE ADULT. 

INDICATIONS AND USAGE 

Ketalar ls indicated as the sole anesthetic agent for 

diagnostic and surgical procedures that do not require 

tal muscle relaxation. Ketalar is best sulted for 
short procedures but it can be used, with additional 
doses, for longer procedures. 

Ketalar is Indicated for the Induction of anesthesla prior 

to me administration of other general anesthetic 

agents. 

Ketalar is Indicated to supplement low-potency agents, 

such as nitrous oxide. 

Specific areas of application are described In the Clin- 

ical Pharmacology section. 

CONTRAINDICATIONS 

Ketamine hydrochloride is contralndicated in those In 

whom a significant elevation of blood pressure would 

constitute a serlous hazard and in those who have 
shown hypersensitivity to the drug. 


WARNINGS 
rdiac functlon should be continually monitored 
“during the procedure tn patients found to have hyper- 


— tension or cardiac decompensation. 


Postoperative confusional states may occur during the 

recovery period (see Special Note.) 

Resplratory depression may occur with Aeon or 

too,raplid a rate of administration of Ketalar, in which 

case supportive ventilation should be employed. 

Mechanical support of respiration is preferred to 

administration of analeptics. 

PRECAUTIONS 

General 

Kstalar should be used by or under the direction of 
hysicians experienced In administering general anes- 

fratica and in maintenance of an airway and in the 

-~ control of respiration. 

Because pharyngeal and laryngeal reflexes are usually 

active, Ketalar should not be used alone in surgery or 

diagnostic procedures of the pharynx, larynx, or bron- 

chial tree. Mechanical stimulation of the pharynx 

should be avoided, whenever possible, if Ketalar is 

used alone. Muscle relaxants, with proper attention to 

respiration, may be required in both of these Instances. 

Resuscitative equipment shouid be ready for use. 


INCE re ay pe reduced 
if verba e stimulation o atient is mini- 
ize 


Dai anc ta Ne p 
mized during the recovery period. This does not 
= aoe the monitoring of vital signs (see Special 
te}. : . N 
The intravenous dose should be administered over a 
period of 60 seconds. More rapid administration may. 
result in respiratory depression or apnea and enhanced 


pressor response. 

in amea ures involving visceral pain path- 

ways, r should be supplemented an agent 

which obtunds visceral pain. 

Use with caution in the chronic alcoholic and the 

acutely alcohotintoxicated patient. 

An increase in cerebrospinal fluid pressure has been 

pontod folowing administration of ketamine hydro- 

chloride. Use with extreme caution In patients with 
tic elevated cerebrospinal fluid pressure. 























Information for Patients 
As appropriate, especially in cases where dis- 
charge ts possible, the duration of Ketalar and other 
drugs employed during the conduct of anesthesia 
should be considered. The patlents should be 
cautioned that driving an automobile, operating 
hazardous machinery or engaging In hazardous activi- 
tles should not be undertaken for 24 hours or more 
(depending upon the dosage of Ketalar and considera- 
tion of other drugs employed) after anesthesia. 
Drug Interactions - 
Praionged recovery time may occur If barbiturates 
and/or narcotics are used concurrently with Ketalar. 
Ketalar is clinically compatible with the commonly used 
general and local anesthetic agents when an adequate 
resplratory exchange ls maintained. 
Usage In Pregnancy 
Since the safe use In pregnancy, including obstetrics 
(either vaginal or abdominal delivery), has not been 
established, such use Is not recommended (see Animal 
Reproduction). 
ADVERSE REACTIONS 
parcomecular Blood pressure and pulse rate are 

uently elevated following administration of Ketalar 
alone. However, hypotension and bradycardia have 
been observed. Arrhythmia has also occurred. 

piration: Although respiration is frequentty stimu- 
Bee , severe depression of respiration or apnea may 
occur following rapid intravenous administration of high 
doses of Katalar. Laryngospasms and other forms of 
areny obstruction have occurred during Ketalar 
anesthesia. 
Eye: Diplopia and niysia mus have been noted 

owing Ketalar a rintetration. 

it also may cause a slight elevation in Intraocular pres- 
gure measurement. 


Psychological: (See Special Note). 

gical: In some patients, enhanced skeletal 
muscie tone may be manifested by tonic and clonic 
movements sometimes resembling seizures (see 
Dosage and Administration). 


astrointastinal: Anorexia, nausea and vomiting have 
ODS ; however, this is not usually severe and 
allows the graat majority of patients to take liquids by 
mouth shortly after regaining consciousness (see 
Dosage and Administration). 
geperer: Local an and dicot ball anna injection site 
ntrequently been reported. Transient erythema 
and/or morbilliform rash have also been reported, 
OVERDOSAGE 
Respiratory dspreasion may occur with steht or 
too rapid a rate of administration of Ketalar, In which 
Case supportive ventilation shouki be employed. 
Mechanical support ot respiration is preferred to 
administration of analeptics. 
DOSAGE AND ADMINISTRATION 
Note: Barbiturates and Ketalar, being chemically incom- 
hope because of precipitate formation, should not be 
njacted from the same syringe. 
If the Ketalar dose is augmented with diazepam, the 
two drugs must be giver separately. Do not mix Ketalar 
and diazepam in sy or Infusion flask. For addi- 
tlonal Information on the use of diazepam, refer to the 
Warnings and Dosage and Administration Sactions of 
the diazepam insert. 
Preoperative ib hdc 
1. While vomiting has been reported fol Ketalar 
administration, some vrs ik proteron may be 
afforded because of active laryngeal-pharyngeal 
reflexes. However, since aspiration may occur with 
Katalar and since protective reflexes may also be dimin- 
ished oy supplementary anesthetics and muscle 
raiaxants, the possibility of aspiration must be consid- 
ered. Ketalar Is recommended for use in the [patent 
whose stomach is not empty when, In the judgment of 
the practitioner, the benefits of the drug outweigh the 
possible risks. 
2. Atropine, scopolamine, or another drying agent 
should be given at an appropriate Interval prior to 
induction. 
Onset and Duration: 
Because of rapid induction following the Inttla intra- 
venous In on, the patient should be In a supported 
position during administration. 
The onset of actlon of Ketalar is rapid; an intravenous 
dose of 2 mg/kg (1 mg7!b) of body weight usually 
ponas surgical anesthesia within 30 seconds after 
njection, with the anesthetic effect usuaily lasting five 
to ten minutes. if a longer effect is desired, additional 
mcrements can be administered intravenously or intra- 
muscularly to maintain anesthesia without producing 
significant cumulative effects. 
Intramuscular doses, from experience primarily In chil- 
dren, in a range of 9 to 13 maka (4 to 6 mg/Ib) usually 
piece surgical anesthesia within 3 to 4 minutes 
llowing injection, with the anesthetic effect usually 
lasting 12 to 25 minutes. 
Dosage: 
As with other general anesthetic agents, the individual 
response to Ketalar is somewhat varied depending on 
the dose, route of administration, and age of patient, 30 
that dosage recommendation cannot be absolutely 
fixed. The drug shculd be titrated against the patient's 
requirements. 
induction: 
intravenous Route: The initial dose of Ketalar adminis- 
tered intravenously may range from 1 mg/kg to 4.5 
mg/kg (0.5 to 2 mg/Ib). The average amount required 
to produce five to ten minutes of surgical anesthesia 
been 2 mg/kg (1 mg/ib). 
Altematively, in adult patients an induction dose of 1.0 
mg to 2.0 mg/kg intravenous ketamine at a rate of 0.5 
mg/kg/min may be used for induction of anesthesia. In 
addition, diazepam in 2 mg to 5 mg doses, adminis- 
tered In a separate syringe over 60 seconds, may be 
used. in most cases, 15.0 mg of intravenous diazepam 


manifestations during emergence, larty dream- 
like observations and emergence , may be 
reduced by this Induction dosage program. 
Note: The 100 mg/m! concentration of Ketalar should 
not be injected intravenously without proper dilution. It 
Is recommended the drug be diluted with an equal 
volume of either Sterile Water for Injection, USP, Norma! 
Safine, or 5% Dextrose in Water. 
Rate of Administration: t Is recommended that Ketalar 
be administered Slowly (over a perlod of 60 seconds). 
More rapid administration may result in respiratory 
depression and enhanced pressor response. 
intramuscular Route: The initlal dosa of Ketalar admin- 
istered intramuscularly may range from 6.5 to 13 mg/kg 
(3 to 6 mg/Ib). A dose of 10m (5 mg/Ib) will 
usually produce 12 to 25 minutes of surgical anesthesia. 
Maintenance of Anesthesia: 
The maintenance dose should be ad 
to the patient’s anesthetic needs a 
tional anesthetic agent is employed. 
Increments of one-half to the full induction dose may be 
repeated as needed for maintenance of anesthesia. 
However, it should be noted that purposeless and tonk- 
clonic movements of extremities may occur during the 
course of anesthesia. Trese movements do not Toya 
light plane and are not indicative of the need for add 
tional doses of the anesthetic. i 
it shouid be recognized that the larger the total dose of 
Ketaiar administered, the longer will be the time to 
complete recovery. 
Adult patients induced with Ketalar augmented with 
Intravenous diazepam may be maintained on Katalar 
iven by slow microdrip infusion technique at a dose of 
too mg maue. augmented with pam 2 to 
5 mg administered intravenously as needed. in many 
cases 20 mg or fess of intravenous diaz total for 
combined induction and maintenance will suffice. 
However, siightly more diazepam may be required 
oppone be on the nature anc duration of the operation, 
TD dep atus of the patient, and other factors. The 
ncidence of psychological manifestations during emer- 
gence, particularly dream-like observations and emer- 
ence delirium, may be reduced by this maintenance 
osage program. 
Dilution: To prepare a diluta solution containing 1 mg of 
ketamine per mi, aseptically transfer 10 mi (50 mg pe 
mi Steri-Vial) or 5 mi (100 mg per mi Steri-Vial) to 
mi of 5% Dextrose injection, USP or Sodium Chloride 
(8.9%) Injection, USP (Normal Saline) and mix well. The 
resultant solution will contaln 1 mg of ketamine per mi. 
The fluld requireménts of the patient and duration of - 
anesthesia must be considered when selecting the 
appropriate dilution of Ketaar. If fluid restriction Is 
required, Ketalar can be added to a 250 m! infusion as 
tet ei above to provide a Ketalar concentration of 
mg/ml. 
ee Sterl-Vials, 10 mg/m are not recommended for 
ution. 


or legs will suffice. The Incidence  partoulary dre 
um 


sted accordin 
whether an ad 


Supplementary Agents: 

Ketalar ts clinically compatible with the commonly used 
general and local an tlc agents when an adequate 
respiratory exchange ls maintalned. 

The regimon of a reduced dcse of Ketalar supple- 
ment roduce 


with diazepam can be used to p 
anced anesthesla by combination with other agents 
such ag nitrous oxide and oxygen. 


HOW SUPPLIED 

Ketalar ts. supplied as the hydrochloride In concentra- 
tions equivalent to ketamine base. 

N 0071-4581-15—Each 50-ml vial contains 10 mg/ml. 
Supplied in cartons of 10. 

N-0071-4581-13—Each 25-ml vial contains 10 mg/ml. 
superee in cartons of 10. 

N 0071-4581-12—Each 20-ml vial contalns 10 mg/ml. 
supple? in cartons of 10. 

N 0071-4582-10—Each 10-ml vial contains 50 mg/ml. 
Supplied In cartons of 10. 

N 0071-4585-08—Each 5-ml vial contains 100 mg/ml. 
upper in cartons of 10. 

4581G030 
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The Modulus‘ Anesthesia Machine. 
Now with more options. More performance. 
More control in your OR. 


The Modulus gas machine pioneered a 
variety of innovations designed to improve 
the convenience and simplicity of anes- 
thesia delivery. 


Now, we offer three additional options to 
give you an even greater range of choices 
for operational capability and control. 


Step up to electronic ventilation 


Now choose the new Ohio 7000 anes- 
thesia ventilator. In place of conventional 
pneumatic ventilator control, the 7000 gives 
you the convenience and precision of 
electronically controlled performance. 


The unit is simpler to set up because con- 
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approximated as on pneumatic ventila- 
tors. Thatmeans, instead of continual 
adjustment and readjustment, you simply 
dial in the exact patient parameters you 
want. 


Changing settings during a procedure is just 
as easy because controls are non-inter- 
active—you can change one without nec- 
essarily needing to readjust the others. 


The 7000 also features a comprehensive 
array of patient-monitoring and self-moni- 
toring features including five separate 
alarms with both visual and audio warn- 
ings of violations of set parameters or ven- 





Thre ẹvaporizers. New or add-on. 

qT second new option available is a three- 
vaporizer interlock. It accommodates three 

Ohio calibrated vaporizers at one:time for 

added convenience.. 


This new manifold features an interlock 
designed to allow only one vaporizer to be 
turned on at a time. And it can be ordered 
on a new Modulus anesthesia machine, as 
well as in kit form for retrofit on your pres- 
ent machine. 


Now, 12 L/min oxygen flow 

We now offer you 12 L/min oxygen flow 
capability to satisfy high-flow require- 
ments. The new double flowtube module 


with a single fluted:control knob, just as with 
our other new Options, increases the 
capability of your equipment, and gives you 
an even greater range of options to help 
you tailor your equipmentto your technique. 


Ohio quality, Ohio service back-up 


All your Ohio equipment is backed by our 
team of over 180 service representatives. 

Combined with our national service and 
parts center and district office network, it's 
an unbeatable asset to your staff and 
hospital. 


So, counton the extensive line of Modulus 
anesthesia equipment and accessories 
from Ohio Medical Products. These new 


developments are just a few examples of 
the effortwe re continually making to raise 
the'standards of safety, convenience and 
precision inyour OR. 


ORIO Medical Products 


A Division of Airco, Inc 
3030 Airco Drive, PO. Box 7550, Madison, Wisconsin 53707 








20 Second 


Hands-free continuous update 


SYSTOLIC 











Systolic 


during induction 


Non-invasive; direct 
auscultatory measurement 


Systolic, diastolic, pulse and 
mean arterial pressure in 
35 seconds or less 


Automatic cuff 
inflation/deflation 


Temperature measurement 
with esophageal/rectal or 
skin surface disposable 
probes 


A lot can happen in 20 seconds, especially during 
induction. That's why you'll appreciate our quick 
systolic update. After the first few minutes, you'll 
probably select complete blood pressure monitor- 
ing every 2.5, 5 or 15 minutes...or you can continue 
with systolic-only if you prefer. Manual monitoring 
is also possible. 
The VITAL. CHECK Monitor operates on the 
auscultatory principle, with the oscillometric 
method as a back-up. The instrument is small, 
portable, easy to set up and operate...ideal for 
DIASTOLIC ; \ = the OR or ICU environment. For more details, 

l contact your IVAC consultant. Or call the 
toll-free number below. 


Call toll-free 800-482-IVA 





SYSTOLIc 


Liat) 





Ney Fits 
from IVAC | 
VITAL: CHECK 


Vital Signs Monitor-Model 160 
IVAC Sin Dego CA S221179 


ezel telat elem Call toll-free: 800-482-IVAC 
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| premedication with 

Ativan’ (lorazepam) 

Me Injection IM or lV 

: effectively reduces 
recall of events 


Ly surrounding surgery 









® Allays preoperative apprehension 
@ Leaves patients calm but cooperative 






® Causes little, if any, IV irritation 
@ Rated “highly acceptable” 
by most patients in clinical studies 





Surgical procedures are perceived as frightening or 
unpleasant by most patients. It given the opportunity, many 
would rather not remember any thing about the ordeal. 


Ativan’ Injection can help. Administered as recommended, 
Ativan Injection helps sedate the patient, relieves presurgical 
anxiety and diminishes recall of events surrounding surgery. 






The dosage of Ativan Injection should be individualized for each 
patient. For those patients in whom a lack of recall and excellent 
sedation are desired, doses of 0.05 mg/kg up to a maximum 
of + mg should be administered. For patients in whom a lack of 
recall is not desired, as well as for the elderly or debilitated, the 
dose of Ativan Injection should be reduced. 







Wyeth Laboratories 


See important information on following page. Philadelphia, PA 19101 
AA 


TIAN vosazepe 
INJECTION MoV 








ATIVAN vonazepnc 


INJECTION IM lV 


DESCRIPTION: Ativan” (lorazepam) Injection, a benzodiazepine with antianxiety and sedative effects, is intended 
for IM or IV use. It has the chemical formula 7-chloro-5-(o-chlorophenyl)-1,3-dihydro-3-hydroxy-2H-1,4-benzo- 
diazepin-2-one. 

Lorazepam is a nearly white powder almost insoluble in water. Each mi of sterile injection contains either 2.0 or 
4.0 mg lorazepam, 0.18 ml polyethylene glycol 400 in propylene glycol with 2.0% benzyl alcohol as preservative. 


CLINICAL PHARMACOLOGY: IV or IM administration of recommended dose of 2-4 mg lorazepam injection to 
adult patients is followed by dose related effects of sedation (sleepiness or drowsiness), relief of preoperative anxi- 
ety and lack of recall of events related to day of surgery in most patients. The clinical sedation (sleepiness or 
drowsiness) thus noted is such that most patients are able to respond to simple instructions whether they give 
appearance of being awake or asleep. Lack of recall is relative rather than absolute, as determined under condi- 
tions of careful patient questioning and testing, using props designed to enhance recall. Most patients under these 
reinforced conditions had difficulty recalling perioperative events, or recognizing props from before surgery. Lack 
of recall and recognition was optimum within 2 hours after IM and 15-20 minutes after IV injection. 

Intended effects of recommended adult dose of lorazepam injection usually last 6-8 hours. In rare instances and 
where patients received greater than recommended dose, excessive sleepiness and prolonged lack of recall were 
noted. As with other benzodiazepines, unsteadiness, enhanced sensitivity to CNS depressant effects of ethyl alco- 
hol and other drugs were noted in isolated and rare cases tor greater than 24 hours. 

Studies in healthy adult volunteers reveal that IV lorazepam in doses up to 3.5 mg/70 kg does not alter sensitiv- 
ity to respiratory stimulating effect of carbon dioxide and does not enhance respiratory depressant effects of doses 
of meperidine up to 100 mg/70 kg (also determined by carbon dioxide challenge) as long as patients remain suffi- 
ciently awake to undergo testing. Upper airway obstruction was observed in rare instances where the patient 
received greater than recommended dose, and was excessively sleepy and difficult to arouse. (See WARNINGS and 
ADVERSE REACTIONS.) 

Clinically employed doses of lorazepam injectable do not greatly affect the circulatory system in the supine posi- 
tion or employing a 70 degree tilt test. Doses of 8-10 mg of IV lorazepam (2 to 2.5 times maximum recommended 
dosage) will produce loss of lid reflexes within 15 minutes. 

Studies in six (6) healthy young adults who received lorazepam injection and no other drugs revealed that visual 
tracking (the ability to keep a moving line centered) was impaired for a mean of eight (8) hours following 4 mg IM 
lorazepam and four (4) hours following 2 mg IM vith considerable subject variation. Similar findings were noted 
with pentobarbital 150 and 75 mg. Although this study showed both lorazepam and pentobarbital interfered with 
eye-hand coordination, data are insufficient to predict when it would be safe to operate a motor vehicle or engage in 
hazardous occupation or sport. 

INDICATIONS AND USAGE: In adults—for preanesthetic medication, producing sedation (sleepiness or drowsi- 
ness), relief of anxiety, and decreased ability to recall events related to day of surgery. Most useful in patients anx- 
ious about surgical procedure who prefer diminished recall of events of day of surgery. 

CONTRAINDICATIONS: Known sensitivity to benzodiazepines or vehicle (polyethylene glycol, propylene glycol, 
and benzyl alcohol) or acute narrow angle glaucoma. Intra-arterial injection is contraindicated because, as with 
other injectable benzodiazepines, inadvertent intra-arterial injection may produce arteriospasm resulting in gan- 
grene which may require amputation. (See Warnings) 

WARNINGS: PRIOR TO IV USE, LORAZEPAM SHOULD BE DILUTED WITH EQUAL AMOUNT OF COMPATIBLE DILUENT 
(SEE DOSAGE AND ADMINISTRATION). IV INJECTION SHOULD BE MADE SLOWLY AND WITH REPEATED ASPIRATION. 
CAREFULLY DETERMINE THAT INJECTION WILL NOT BE INTRA-ARTERIAL AND PERIVASCULAR EXTRAVASATION 
WILL NOT OCCUR. PARTIAL AIRWAY OBSTRUCTION MAY OCCUR IN HEAVILY SEDATED PATIENTS. IV LORAZEPAM, 
GIVEN ALONE IN GREATER THAN RECOMMENDED DOSE, OR AT RECOMMENDED DOSE AND ACCOMPANIED BY 
OTHER DRUGS USED DURING ANESTHESIA, MAY PRODUCE HEAVY SEDATION; THEREFORE, EQUIPMENT TO MAIN- 
TAIN PATENT AIRWAY AND SUPPORT RESPIRATION AND VENTILATION SHOULD BE AVAILABLE 


No evidence now supports lorazepam injection in coma, shock or acute alcohol intoxication. Since the liver is the 
most likely site of conjugation and since excretion of conjugated lorazepam (glucuronide), is renal, lorazepam is not 
recommended in hepatic and/or renal failure. This does not preclude its use in patients with mild to moderate hepa- 
tic or renal disease. When injectable lorazepam is used in mild to moderate hepatic or renal disease, consider 
lowest effective dose since drug effect may be prolonged. Experience with other benzodiazepines and limited expe- 
rience with parenteral lorazepam demonstrated that tolerance to concomitant alcohol and other CNS depressants 
is diminished. As with similar CNS-acting drugs, patients receiving injectable lorazepam should not operate 
machinery or motor vehicles or engage in hazardous occupations for 24 to 48 hours. Impairment of performance 
may persist for greater intervals because of extremes of age, other concomitant drugs, stress of surgery or general 
condition of patient. Clinical trials showed patients over 50 may have more profound and prolonged sedation with 
NV use. Ordinarily an initial dose of 2 mg may be adequate, unless greater degree of lack of recall is desired. As with 
all CNS depressants, exercise care in patients given injectable lorazepam since premature ambulation may result 
in injury trom falling. There is no added beneficial effect from adding scopolamine to injectable lorazepam; their 
combined effect may result in increased incidence of sedation, hallucination and irrational behavior 

Pregnancy: LORAZEPAM GIVEN TO PREGNANT WOMEN MAY CAUSE FETAL DAMAGE. Increased risk of congenital 
malformations with use of minor tranquilizers (chlordiazepoxide, diazepam, meprobamate) during first trimester of 
pregnancy was suggested in several studies. In humans, blood levels from umbilical cord blood indicate placental 
transfer of lorazepam and its glucuronide. Lorazepam injection should not be used during pregnancy because of 
insufficient data on obstetrical safety, including its use in cesarean section. Reproductive studies performed in 
mice, rats, and two strains of rabbits showed occasional anomalies (reduction of tarsals, tibia, metatarsals, malro- 
tated limbs, gastroschisis, malformed skull and microphthalmia) in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in concurrent control group, they have been reported to 
occur randomly in historical controls. At doses of 40 mg/kg p.o. or 4mg/kg IV and higher, there was evidence of 
fetal resorption and increased fetal loss in rabbits which was not seen at lower doses. 

Endoscopic Procedures: There are insufficient data to support lorazepam injection for outpatient endoscopic 
procedures. Inpatient endoscopic procedures require adequate recovery room observations. Pharyngeal reflexes 
are not impaired when lorazepam injection is used for per-oral endoscopic procedures, therefore adequate topical 
or regional anesthesia is recommended to minimize reflex activity associated with such procedures. 
PRECAUTIONS: General: Bear in mind additive CNS effects of other drugs, e.g. phenothiazines, narcotic analge- 
sics, barbiturates, antidepressants, scopolamine and MAO inhibitors when these drugs are used concomitantly 
with or during period of recovery from lorazepam injection. (See CLINICAL PHARMACOLOGY and WARNINGS. ) Use 
extreme care in giving lorazepam injection to elderly or very ill patients, or those with limited pulmonary reserve, 
because of possible underventilation and/or hypoxic cardiac arrest. Resuscitative equipment for ventilatory sup- 
port should be readily available. (See WARNINGS and DOSAGE and ADMINISTRATION.) When lorazepam is used IV 
as premedicant prior to regional or local anesthesia, excessive sleepiness or drowsiness may possibly interfere 
with patient cooperation to determine anesthesia levels. This is most likely when more than 0.05 mg/kg is given 
and narcotic analgesics are used concomitantly with the recommended dose. (See ADVERSE REACTIONS. ) 
information for Patients: As appropriate, inform patients of pharmacological effects, e.g. sedation, relief of 
anxiety and lack of recall, and duration of these effects (about 8 hours), so they may adequately perceive risks as 
well as benefits from its use. Caution patients who receive lorazepam injection as premedicant that driving auto- 
mobiles or operating hazardous machinery, or engaging in hazardous sports should be delayed for 24 to 48 hours 
after injection. Sedatives, tranquilizers, and narcotic analgesics given with injectable lorazepam may produce 
more prolonged and profound effect, taking the form of excessive sleepiness or drowsiness, and rarely interfering 
with recall and recognition of events of day of surgery and the day after. Getting out of bed unassisted may result in 
falling and injury if undertaken within 8 hours of receiving lorazepam injection. Alcoholic beverages shou!d not be 
used for at least 24 to 48 hours after lorazepam injection due to additive effects on CNS depression seen with ben- 
zodiazepines in general. Elderly patients should be told lorazepam injection may make them very sleepy for longer 
than 6 to 8 hours after surgery. 


Laboratory Tests: In clinical trials no laboratory test abnormalities were identified with single or multiple doses 
of lorazepam injection. Tests included: CBC, urinalysis, SGOT, SGPT, bilirubin, alkaline phosphatase, LDH, choles- 
terol, uric acid, BUN, glucose, calcium, phosphorus and total proteins. 

Drug Interactions: Lorazepam injection, like other injectable benzodiazepines, produces CNS depression when 
given with ethyl alcohol, phenothiazines, barbiturates, MAO inhibitors and other antidepressants. When scopola- 
mine is used concomitantly with injectable lorazepam increased incidence of sedation, hallucinations and irrational 
behavior was observed. 

Drug/Laboratory Test Interactions: No laboratory test abnormalities were identified when lorazepam was 
given alone or concomitantly with another drug, e.g. narcotic analgesics, inhalation anesthetics, scopolamine, 
atropine, and various tranquilizing agents 


Carcinogenesis, Mutagenesis, Impairment of Fertility: No evidence of carcinogenic potential emerged in 
rats and mice during an 18-month study with oral lorazepam. No studies regarding mutagenesis have been per- 
formed. Pre-imp:antation study in rats, performed with oral lorazepam at a 20 mg/kg dose, showed no impairment 
of fertility. 

Pregnancy: Pregnancy Category D. See WARNINGS section. 

Labor and Delivery: There are insufficient data for lorazepam injection in labor and delivery, including cesarean 
section; therefore, this use is not recommended. 

Nursing Mothers: Do not give injectable lorazepam to nursing mothers, because like other benzodiazepines, 
lorazepam may possibly be excreted in human milk and sedate the infant. 

Pediatric Use: There are insufficient data to support efficacy or make dosage recommendations for injectable 
lorazepam in patients under 18 years; therefore, such use is not recommended. 

ADVERSE REACTIONS: CNS: Most frequent adverse effects with injectable lorazepam are extensions of drug's 
CNS depressant effects. Incidence varied from one study to another, depending on dosage, route, use of other CNS 
depressants, and investigator's opinion concerning degree and duration of desired sedation. Excessive sleepiness 
and drowsiness were main side effects. This interfered with patient cooperation in about 6% (25/446) of patients 
undergoing regional anesthesia in that they were unable to assess levels of anesthesia in regional blocks or with 
caudal anesthesia. Patients over 50 years had higher incidence of excessive sleepiness or drowsiness compared 
with those under 50 (21/106 vs 24/245) when lorazepam was given IV (see DOSAGE and ADMINISTRATION). On rare 
occasion (3/1580) patient was unable to give personal identification on arrival in operating room, and one patient 
fell when attempting premature ambulation in postoperative period. Symptoms such as restlessness, contusion, 
depression, crying, sobbing, and delirium occurred in about 1.3% (20/1580). One patient injured himself postopera- 
tively by picking at his incision. Hallucinations were present in about 1% (14/1580) of patients, and were visual and 
self-limiting. An occasional patient complained of dizziness, diplopia and/or blurred vision. Depressed hearing was 
infrequently reported during peak effect period. An occasional patient had prolonged recovery room stay, because 
of excessive sleepiness or some form of inappropriate behavior (latter seen most commonly when scopolamine 
given concomitantly as premedicant). Limited information from patients discharged day after receiving injectable 
lorazepam showed one patient complained of some unsteadiness of gait and reduced ability to perform complex 
mental functions. Enhanced sensitivity to alcoholic beverages was reported more than 24 hours after injectable 
lorazepam, similar to experience with other benzodiazepines. 

Local Effects: IM lorazepam resulted in pain at injection site, a sensation of burning, or observed redness in the 
same area in a very variable incidence from one study to another. Overall incidence of pain and burning was about 
17% (146/859) in immediate postinjection period, and about 1.4% (12/859) at 24-hour observation time. Reactions 
at injection site (redness) occurred in about 2% (17/859) in immediate postinjection period, and were present 24 
hours later in about 0.8% (7/859). IV lorazepam resulted in pain in 13/771 patients or about 1.6% immediately post- 
injection and 24 hours later 4/771 patients or about 0.5% still complained of pain. Redness did not occur immedi- 
ately post IV but was noted in 19/771 patients at 24-hour period (incidence is similar to that observed with IV 
infusion before lorazepam was given). 

Cardiovascular System: Hypertension (0.1%) and hypotension (0.1%) were occasionally observed after patients 
received injectable lorazepam. 

Respiratory System: Five patients (5/446) who underwent regional anesthesia were observed to have partial 
airway obstruction. This was believed due to excessive sleepiness at time of procedure, and resulted in temporary 
underventilation. Immediate attention to the airway, employing usual countermeasures, will usually suffice to man- 
age this (see also CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS). 

Other Adverse Experiences: Skin rash, nausea and vomiting were occasionally noted in patients who received 
injectable lorazepam with other drugs during anesthesia and surgery. 

DRUG ABUSE AND DEPENDENCE: As with other benzodiazepines, lorazepam injection has a low potential for 
abuse and may lead to limited dependence. Although there are no such clinical data for injectable lorazepam, 
repeated doses over prolonged period of time may result in limited physical and psychological dependence. 
OVERDOSAGE: Overdosage of benzodiazepines is usually manifested by varying degrees of CNS depression rang- 
ing from drowsiness to coma. In mild cases symptoms include drowsiness, mental confusion and lethargy; in more 
serious cases ataxia, hypotonia, hypotension, hypnosis, stages one to three coma, and very rarely death. Treat- 
ment of overdosage is mainly supportive until drug is eliminated. Carefully monitor vital signs and fluid balance. 
Maintain adequate airway and assist respiration as needed. With normally functioning kidneys, forced diuresis 
with intravenous fluids and electrolytes may accelerate elimination of benzodiazepines. In addition, osmotic diu- 
retics such as mannitol may be effective as adjunctive measures. In more critical situations, renal dialysis and 
exchange blood transfusions may be indicated. Published reports indicate that IV infusion of 0.5 to 4 mg physostig- 
mine at rate of 1mg/minute may reverse symptoms and signs suggestive of central anticholinergic overdose (con- 
fusion, memory disturbance, visual disturbances, hallucinations, delirium); however, hazards associated with 
physostigmine (i.e., induction of seizures) should be weighed against possible clinical benefit. 

DOSAGE AND ADMINISTRATION: Parenteral drug products should be inspected visually for particulate matter 
and discoloration prior to administration whenever solution and container permit. Do not use if solution is discol- 
ored or contains a precipitate 

Intramuscular Injection: For designated indications as premedicant, usual IM dose of lorazepam is 0.05 mg/kg 
up to maximum of 4 mg. As with all premedicants, individualize dose. (See also CLINICAL PHARMACOLOGY, WARN- 
INGS, PRECAUTIONS, and ADVERSE REACTIONS.) Doses of other CNS depressants should ordinarily be reduced. 
(See PRECAUTIONS.) For optimum effect, measured as lack of recall, administer lorazepam IM at least 2 hours 
before anticipated operative procedure. Administer narcotic analgesics at usual preoperative time. There are 
insufficient efficacy data to make dosage recommendations for IM lorazepam in patients under 18 years; therefore, 
such use is not recommended. 

Intravenous Injection: For the primary purpose of sedation and relief of anxiety, usual recommended initial IV 
dose of lorazepam is 2 mg total, or 0.02 mg/Ib (0.044 mg/kg), whichever is smaller. This dose will suffice for sedat- 
ing most adults, and should not ordinarily be exceeded in patients over 50 years. In patients in whom greater likeli- 
hood of lack of recall for perioperative events would be beneficial, larger doses—as high as 0.05 mg/kg up to total 
of 4mg—may be given. (See CLINICAL PHARMACOLOGY, WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS.) 
Doses of other injectable CNS depressants should ordinarily be reduced. (See PRECAUTIONS.) For optimum effect, 
measured as lack of recall, IV lorazepam should be administered 15-20 minutes before anticipated operative pro- 
cedure. EQUIPMENT NECESSARY TO MAINTAIN A PATENT AIRWAY SHOULD BE IMMEDIATELY AVAILABLE PRIOR TO 
IV USE OF LORAZEPAM (see WARNINGS). There are insufficient efficacy data to make dosage recommendations for 
IV lorazepam in patients under 18 years; therefore, such use is not recommended. 

Administration: When given IM, lorazepam injection, undiluted, should be injected deep in muscle mass. Inject- 
able lorazepam can be used with atropine sulfate, narcotic analgesics, other parenterally used analgesics, com- 
monly used anesthetics, and muscle relaxants. Immediately prior to IV use, lorazepam injection must be diluted 
with an equal volume of compatible solution. When properly diluted the drug may be injected directly into a vein or 
into the tubing of an existing IV infusion. Rate of injection should not exceed 2.0 mg per minute. Lorazepam injection 
is compatible for dilution purposes with: Sterile Water for Injection, USP, Sodium Chloride Injection, USP, 5% Dex- 
trose Injection, USP. 

HOW SUPPLIED: Ativan” (lorazepam) injection, Wyeth, is available in multiple-dose vials and in TUBEX® Sterile 
Cartridge-Needle Units. 

2 mg/ml, NDC 0008-0581; 10 mi vial and 1 mi fill in 2 ml TUBEX. 

4 mg/ml, NDC 0008-0570; 10 mi vial and 1ml fill in 2 ml TUBEX 

For IM or IV injection. 

Protect from light. Keep in refrigerator. 


Directions for Dilution for IV Use: To dilute, adhere to following procedure: For TUBEX—(1) Extrude entire 
amount of air in half-filled TUBEX. (2) Slowly aspirate desired volume of diluent. (3) Pull back slightly on plunger to 
provide additional mixing space. (4) Immediately mix contents thoroughly by gently inverting TUBEX repeatedly 
until homogenous solution results. Do not shake vigorously, as this will result in air entrapment. For Vial—Aspirate 
desired amount of lorazepam injection into syringe. Then proceed as described under TUBEX. 


Wyeth Laboratories 


| ' Philadelphia, PA 19101 
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sensitive cuff efficiently transmits sound to. 
inner lumen perrhitting you to clearly hear’ 
rdiag.arnd ventilatory sounds. 
UPERB SENSITIVITY —Cuff is ca: 
mounted to maintain the sens 
thinness. allows. | 
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confidence of NCC quality. ; 


* VERSATILITY—Choice of models to fit most 

patient temperature monitors, including NCC’s 

Hi-Lo Temp Monitör and monitors utilizing 
eries compatible electronics. 
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See package insert prior to use. 


NCC Division 
Mallinckrodt, inc. 


l 230 Dix Avenue 
To arrange an evaluation of the stethoscope or | Glens Falls, NY 12801 


any of NCC’s other temperature monitoring I'd like to know more about the full line of NCC temperature probes. Please call 
devices in your hospital call 800-833-8842 me to arrange an evaluation. 

toll-free and ask for Sandy Mcintosh. Or send | PLEASE PRINT 

coupon. 


Mallinckrodt 





BOEHRINGER 


ANESTHESIA 
SPIROMETER 


Mount Everest Reliability * 





MODEL 8811 


Designed specifically for anesthesia use 
Fits all anesthesia machines 
Permanently machine mounted 
Unaffected by water: leave in circuit 
Steam sterilizable 

100 cc tidal low flow 

10 cc tidal on Pediatric Model 8812 

No high flow restrictions 

Counters and Turbines interchangeable 
Rugged and reliable 

New unbreakable crystal 

Boehringer guarantee and service 


"Boehringer Spirometers accompanied the 1981 American 
Medical Expedition to Mount Everest 


BOEHRINGER LABORATORIES, INC. 
P.O. Box 337 
Wynnewood, PA. 19096 
215-642-4944 
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Marcaine -c 
(bupivacaine HCI injection, USP) 


with or without epinephrine 1200.000 


Please consult full prescribing information before prescribing. A summary follows: 
indications. Peripheral nerve block, infiltration, sympathetic block, caudal, or epidural block. 
Contraindication. Marcaine is contraindicated in patients with known hypersensitivity to it. 
Warnings. RESUSCITATIVE EQUIPMENT AND DRUGS SHOULD BE READILY AVAILABLE 
WHEN ANY LOCAL ANESTHETIC IS USED 

Usage in Pregnancy The relevance to the human is not known Safe use in pregnant 
women other than those in labor has not been established. 

Until further clinical experience is gained, paracervical block with Marcaine is not 
recommended. Fetal bradycardia frequently follows paracervical block with some amide- 
type local anesthetics and may be associated with fetal acidosis. Added risk appears to be 
present in prematurity, toxemia of pregnancy, and fetal distress 

The obstetrician is warned that severe persistent hypertension may occur after adminis- 
tration of certain oxytocic drugs, if vasopressors have already been used during labor (e.g. 
in the local anesthetic solution or to correct hypotension). 

Solutions containing a vasoconstrictor, particularly epinephrine or norepinephrine, should 
be used with extreme caution in patients receiving monoamine oxidase (MAO) inhibitors or 
antidepressants of the triptyline or imipramine types, because severe prolonged hyperten- 
sion may result. 

Local anesthetics which contain preservatives, i.e., those supplied in multiple dose vials 
should not be used for caudal or epidural anesthesia 

Until further experience is gained in children younger than 12 years. administration of 
Marcaine in this age group is not recommended 


Precautions. The safety and effectiveness of local anesthetics depend upon proper dosage. 
correct technique, adequate precautions. and readiness for emergencies 

The lowest dosage that gives effective anesthesia should be used in order to avoid high 
plasma levels and serious systemic side effects. Injection of repeated doses of Marcaine 
may Cause significant increase in blood levels with each additional dose. due to accumula- 
tion of the drug or its metabolites or due to slow metabolic degradation. Tolerance varies 
with the status of the patient. Debilitated. elderly patients and acutely ill patients should be 
given reduced doses commensurate with age and physical condition. 

Solutions containing a vasoconstrictor should be used Cautiously in areas with limited 
blood supply, in the presence of diseases that may adversely affect the patient's cardiovascular 
system. or in patients with peripheral vascular disease 

Marcaine should be used cautiously in persons with known drug allergies or sensitivities, 
particularly to the amide-type local anesthetics. 

Serious dose-related cardiac arrhythmias may occur if preparations containing a 
vasoconstrictor such as epinephrine are employed in patients during or following the 
administration of chloroform. halothane, cyclopropane, trichloroethylene, or other related 
agents. In deciding whether to use these products concurrently in the same patient, the 
combined action of both agents upon the myocardium, the concentration and volume of 
vasoconstrictor used, and the time since injection, when applicable, should be taken into 
account 

Caution is advised in administration of repeat doses of Marcaine to patients with severe 
liver disease 

Use in Ophthalmic Surgery When Marcaine 0.75% is used ‘or retrobulbar block, 
complete corneal anesthesia usually precedes onset of clinically acceptable external ocular 
muscle akinesia. Therefore. presence of akinesia rather than anesthesia alone should 
determine readiness of the patient for surgery 
Adverse Reactions. Reactions to Marcaine are characteristic of those associated with 
other amide-type local anesthetics. A major cause of adverse reactions to this group of 
drugs is excessive plasma levels, which may be due to overdosage. inadvertent intravascular 
injection, or slow metabolic degradation 

Excessive plasma levels of the amide-type local anesthetics cause systemic reactions 
involving the central nervous system and the cardiovascular system The central nervous 
system effects are characterized by excitation or depression The first manifestation may be 
nervousness. dizziness. blurred vision, or tremors, followed by drowsiness. convulsions, 
unconsciousness, and possibly respiratory arrest. Since excitement may be transient or 
absent. the first manifestation may be drowsiness, sometimes merging into unconsciousness 
and respiratory arrest. Other central nervous system effects may be nausea, vomiting, chills, 
constriction of the pupils, or tinnitus. The cardiovascular manifestations of excessive 
plasma levels may include depression of the myocardium, blood pressure changes (usually 
hypotension), and cardiac arrest. In obstetrics, cases of fetal bradycardia have occurred 
(see Warnings). Allergic reactions, which may be due to hypersensitivity, idiosyncrasy, or 
diminished tolerance. are characterized by cutaneous lesions (e.g., urticaria), edema, and 
other manifestations of allergy. Detection of sensitivity by skin testing is of doubtful value. 
Sensitivity to methylparaben preservatives added to multiple dose vials has been reported 
Single dose vials without methylparaben are also available 

Reactions following epidural or caudal anesthesia also may include: high or total spinal 
block. urinary retention: fecal incontinence, loss of perineal sensation and sexual function: 
persistent analgesia, paresthesia, and paralysis of the lower extremities, headache and 
backache: and slowing of labor and increased incidence of forceps delivery 

Treatment of Reactions. Toxic effects of local anesthetics require symptomatic treat- 
ment. there is no specific cure. The physician should be prepared to maintain an airway and 
to support ventilation with oxygen and assisted or controlled respiration as required, 
Supportive treatment of the cardiovascular system includes intravenous fluids and, when 
appropriate, vasopressors (preferably those that stimulate the myocardium). Convulsions 
may be controlled with oxygen and intravenous administration, in small increments, of a 
harbiturate. as follows: preferably. an ultrashort-acting barbiturate such as thiopental or 
thiamylal: if this is not available, a short-acting barbiturate (e.g.. secobarbital or pentobarbital) 
or diazepam. Intravenous barbiturates or anticonvulsant agents should only be administered 
by those familiar with their use 
Composition of Solutions. 

Marcaine 0.25% — Each ml contains 2.5 mg bupivacaine with NaCl for isotonicity in water 


for injection. 

Marcaine 0.5% — Each mi contains 5 mg bupivacaine with NaCl for isotonicity in water for 
injection. 

Marcaine 0.75% — Each mi contains 7.5 mg bupivacaine with NaCl for isotonicity in water 
for injection 


In multiple dose vials, each mi also contains 1 mg methylparaben 
In epinephrine, each mi also contains 0.0091 mg epinephrine bitartrate. 0.5 mg sodium 
bisulfite, 0.001 mi monothioglycerol, 2 mg ascorbic acid, 0.0017 mi 60% sodium lactate 
and 0.1 mg edetate calcium disodium 
Reference: 
1 Buckley FP. Simpson BR Acute traumatic and postoperative pain management. in 
Cousins MJ. Bridenbaugh PO \eds) Neural Blockade in Clinical Anesthesia and Manage 
ment of Pain Philadelphia. JB Lippincott Co 1980 chap 25 


-BREON BREON LABORATORIES INC. 
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Infiltrate prior to closing. 


By infiltrating soft tissues surrounding the operative site 
immediately prior to closing’ you can extend the anesthetic 
effect of Marcaine” long after surgery for greater patient 
comfort and a more rapid recovery period! 


MEILI e 


(bupivacaine HCI injection, USP) 


with or without epinephrine 1 200,000 
"0.25% only. 


See important product information conceming warnings, adverse reactions, patent selection, and prescribing and precautionary 
recommendations on adjacent paas 
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Department 
of Anesthesia 
University of Basel, 
Switzerland 


3rd International 
Postgraduate 
Course, 
“Anesthesia and 
Pulmonary 
Vascular Tone” 
March 18-19, 
1983 


An international faculty will 
discuss diagnostic and 
therapeutic implications of an 
altered pulmonary vascular 
tone and permeability in the 
preoperative period. 


Participating Faculty: 

Chairman: M.B. Laver, Basel, 
Switzerland 

P.\W.Armstrong, Kingston, Ontario 

J.L.Benumof,San Diego, California 

K. L. Brigham, Nashville, 
Tennessee 

R. Green, Boston, Massachusetts 

C., Guilleminault, Standford, 
California 

A.J. Hyman, New Orleans, 
Louisiana 





P. J. Kadowitz, New Orleans, 
Louisiana 

iF. McMurtry, Denver, Colorado 

H.W. Strauss, Boston, 
Massachusetts 

R.W. Vaughan, Tucson, Arizona 

C. A. Wagenvoort, Amsterdam, 
Netherland 

R. Weibel, Bern, Switzerland 


For further inquiries write to: 
3rd International 
Postgraduate Course 
Department of Anesthesia 
Universtty of Basel/ 
Kantonsspital 

CH-4031 Basel, Switzerland 
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8th WORLD CONGRESS OF 
ANAESTHESIOLOGISTS 


Manila, Philippines Jan. 22—28, 1984 
Philippine International Convention Center (PICC) 





| Theme: Anesthesia-Safety is or All , 





Sponsored by: Hosted by: 
WORLD FEDERATION OF 
SOCIETIES OF 
ANAESTHESIOLOGISTS 
Prof. John J. Bonica, 


PHILIPPINE SOCIETY OF 
ANAESTHESIOLOGISTS 
Prof. Quintin J. Gomez, 
President of Congress 


President Dr. Cenon R. Cruz, 
Dr. John S.M. Zorab, Chairman, 

Secretary Organizing Committee 
Prof. Carlos Rivas, 

Treasurer Official Address: 

Dr. E.S. Siker, 

Chairman, Organizing Committee 


Exec. Commitee 


8th World Congress of a 
Anaesthesiologists 

Hospital de San Juan de Dios 
P.O. Box 66 

Pasay, MetroManila, Philippine 
Tel. Nos. 831 -76 —11/831—75— 
Telex No. 27400 ANESTHE PH 
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Official Carrier: 


(Ñ Philippine Airlines 


Official Travel Agent: 


Rajah Tours Philippines, In 


Address: P.0. Box 4486 

Manila Philippines 

Telex: 7420329 RAJAH PM 
7424008 RAJAH PN 


INTERNATIONAL ANESTHESIA RESEARCH SOCIETY. 
RESEARCH AWARD 





The International Anesthesia Research Society is pleased to announce the establishment of the 


“L.A.R.S. RESEARCH AWARD”. 


Applications for up to $25,000 are invited for the initial Award, to be made in 1983, subject to the 
following basic conditions: 


... The research proposal must be within the general field of anesthesiology. 


.. The principal investigator must be a member of the International Anesthesia Research 
Society. 


.. Preference will be given to new investigators. 


.. Applications must be received in the I.A.R.S. Cleveland office no later than December 
31, 1982. 


The Award will be announced at the Annual Meeting (57th Congress) of the International Anesthesia 
Research Society to be held in New Orleans, March 13-17, 1983. The Award will be made on July 1, 
1983. 


The official application form for the Award must be used. This form, as well as the guidelines for 
applicants, is available on request to: 


B. B. Sankey, M.D. 

Executive Secretary 

International Anesthesia Research Society 
3645 Warrensville Center Rd. 

Cleveland, Ohio 44122, U.S.A. 


Telephone: (216) 295-1124 





New Orleans Hilton Hotel 





MEETING INFORMATION 


SCHEDULE: Sunday, March 13th, 1983 
Registration: 2-7 p.m. 
Exhibits: 5-7 p.m. 
Complimentary Informal Reception: 6-7 p.m. 


NOTE: Registration will continue daily throughout the meeting. 
Exhibits will continue through Wednesday, noon, March 16th. 


SCIENTIFIC PROGRAM: 8a.m. to 5 p.m. Monday, March 14 through Wednesday, March 16 
8 a.m. to 12 noon on Thursday, March 17th. 


. 78 Scientific Papers 
... 16 Review Course Lectures 
. Scientific Exhibits 
... Ten “Theme” Luncheons 
. The First T.H. SELDON DISTINGUISHED LECTURE to be given by H.J.C. Swan, M.D.— 
“The Past and Future in Managing the Cardiovascular System” 


PRE-REGISTRATION MATERIAL, HOTEL CARD, DAILY PROGRAM: 


Complete meeting information will be mailed by mid-December to all I.A.R.S. members, associate 
members and educational members. 


Non-I.A.R.S. members may receive material by writing or calling the Cleveland business office, 3645 
Warrensville Center Rd., Cleveland, Ohio 44122. (216) 295-1124. 


REGISTRATION FEES: Paid by March 7 Paid at Meeting 
IARS Members and Associate Members $115 $125 
IARS Educational Members NO FEE NO FEE 
* New [ARS Members and Associate Members $160 $170 
** New [ARS Educational Members NO FEE NO FEE 
Non Members $175 $185 
*** Non Members (residents, nurse trainees) 5 29 $ 20 


* — With membership application, includes dues for one year. (Foreign members add $16.50) 
** _ With membership application and payment of applicable dues 
*** __ With letter from program director 


CONTINUING EDUCATION CREDITS: 
American Medical Association: This CME offering meets the criteria for 25 hours of Category 1 


credit for the Physicians Recognition Award of the AMA. . 
American Association of Nurse Anesthetists: Prior approval pending for 25 AANA credits. 


(32) 





ANESTH ANALG 
1982:6 L:961-7 


A Comparative in Vivo Study of Local Neurotoxicity 
of Lidocaine, Bupivacaine, 2-Chloroprocaine, and a 
Mixture of 2-Chloroprocaine and Bupivacaine 


J. Barsa, MD, FFARCS, M. Batra, MD, B. R. Fink, MD, FFARCS, and 
S. M. Sumi, MD 





BARSA, J., BATRA, M., Fink, B. R., AND Sumi, S. M.: A comparative in vivo study of local neurotoxicity of lidocaine, 
bupivacaine, 2-chloroprocaine, and a mixture of 2-chloroprocaine and bupivacaine. Anesth Analg 1982:61:961-7. 


This study was undertaken because of several recent reports of adverse neurologic reactions following the use of 2- 
chloroprocaine. Carotid sheaths containing undisturbed vagus nerve were surgically exposed in rabbits and bathed in 
situ for up to 1 hour in one of the following isotonic solutions: physiologic salt solution, lidocaine 2%, bupivacaine 
0.75%, 2-chloroprocaine 3%, or a mixture of 2-chloroprocaine 1.5% and bupivacaine 0.375%. Each solution 
contained epinephrine, 5 ug/ml, (1:200,000). In other animals the carotid sheaths were bathed in physiologic salt 
solution, or 2-chloroprocaine 3% without epinephrine. The nerves were excised 10 to 12 days later. C-fiber impulse 
conduction was normal in nerves that had been exposed to physiologic salt solution with or without epinephrine, to 
lidocaine, or to bupivacaine. Conduction was absent or markedly impaired in several nerve specimens following 
exposure to 2-chioroprocaine. Histologic sections revealed the presence of epineurial cellular infiltration and fibrosis, 
perineurial fibrosis, and axonal degeneration in nerves that had been exposed to 2-chloroprocaine or the mixture of 
2-chloroprocaine and bupivacaine. Histologic abnormalities were minor or absent following exposure to lidocaine, to 
bupivacaine, or to physiologic salt solution. These findings suggest that, under the conditions of the experiments, 2- 


chioroprocaine is more neurotoxic than lidocaine or bupivacaine. 


Key Words: ANESTHETICS, Local: neurotoxicity; TOXICITY: local anesthetics. 





EUROLOGIC complications following regional 

anesthetic procedures are relatively infrequent 
(1-5) and usually attributed to faults in technique (5- 
8). Recently, several adverse neurologic reactions have 
been reported following inadvertent subarachnoid 
continuous caudal or epidural anesthesia with 2-chlo- 
roprocaine (Nesacaine-CE) (9-11) alone or mixed with 
bupivacaine. Previous studies of the neural histotox- 
icity of 2-chloroprocaine and other local anesthetics 
have been scarce and have not used equipotent doses 
of different drugs (12-14). In this study, the tissue 
toxicity of equivalent clinical concentrations of similar 
volumes of lidocaine, bupivacaine, 2-chloroprocaine, 
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and bupivacaine-chloroprocaine mixtures were com- 
pared in an experimental animal model. 


Methods 


Animal Preparation 


Forty-six 2.5- to 3-kg White New Zealand rabbits 
were anesthetized with halothane in oxygen, re- 
strained in the supine position. Body temperature was 
maintained at 38 + 1°C by a radiant heat lamp and a 
blanket. Under sterile conditions, an 8- to 10-cm 
midline incision was made in the skin of the neck. 
The superficial cervical fascia was incised and the 
carotid sheath exposed on either side by blunt sepa- 
ration of the sternomastoid and sternohyoid muscles. 
The muscles were retracted with nylon traction su- 
tures attached to an overlying metal frame to form a 
trough bounded medially by the trachea and laterally 
by the sternomastoid muscles. This exposed the ca- 
rotid sheath (containing the vagus nerve) which re- 
mained untouched at the bottom of the trough. The 
trough was filled with enough solution (2 to 3 ml) to 
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submerge the carotid sheath completely. Photographs 
were taken at each stage of the procedure. 

The solution was either a physiologic salt solution 
(GIBCO Medium 199) (Grand Island Biological Com- 
pany, Long Island, NY) or a fresh (before expiration 
date) commercial solution of local anesthetic (Lido- 
caine (Xylocaine) made by Astra, bupivacaine (Mar- 
caine) made by Breon, and 2-chloroprocaine (Nesa- 
caine-CE) made by Pennwalt) or in the case of group 
5, a freshly prepared mixture (Table 1). Epinephrine 
(S pg/ml) was added to all solutions except group 1B 
(Medium 199) and group 4B (2-chloroprocaine). Be- 
cause the acidity of commercial 2-chloroprocaine so- 
lution has been suspected as a cause of nerve damage, 
four of the nerves in group 4A and three of the nerves 
in group 4B were exposed to the acidic 2-chloropro- 
caine solution; the others in these groups were ex- 
posed to a solution neutralized with sodium bicarbon- 
ate to pH 6.8 to 7.2. Solution in the trough was 
replenished every 10 to 15 minutes to ensure complete 
submersion of the carotid sheath, an average volume 
of 7.8 + 1.2 ml being required; the carotid sheath 
remained submerged for 45 to 55 minutes, after which 
the skin incision was closed with metal clips. Follow- 
ing recovery from general anesthesia, the animal was 
returned to its cage. Ten to 12 days later the rabbit 
was anesthetized with halothane, the carotid sheath 
was reexposed and photographed, and the gross ap- 
pearance noted, The carotid sheath was then incised 
and the vagus nerve removed. 


Impulse Conduction Test 


The excised specimen containing the nerve was 
placed on platinum wire electrodes. The C-fiber com- 
ponent of the compound action potential was elicited 
by supramaximal 75-V, 0.1-msec stimuli from a Grass 
544 stimulator and isolation unit and displayed on a 
Tektronix-532 cathode ray oscilloscope and recorded 
on Polaroid film. Nerve conduction was considered 


TABLE 1 
Treatment Groups 
Epineph- 
Group ee rine (5 
pg/ml) 

1A—control (medium 199) 9 Yes 
4B—control (medium 199) 7 No 
2—lidocaine 2% 6 Yes 
3——bupivacaine 0.75% 6 Yes 
4A—2-chloroprocaine 3% 8 Yes 
4B—2-chloroprocaine 3% 6 No 
5——chloroprocaine 1.5% and 4 Yes 


bupivacaine 0.375% 
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normal if the amplitude of the compound action 
potential of the experimental nerve was 50% or more 
of that of its contralateral control, impaired if it was 
less than 50%. The investigator who measured the 
compound action potential did not know to which 
solution the nerve had been exposed. 


Histologic Study 


Three to four tissue samples were collected from 
the proximal, middle, and distal parts of each nerve. 
The samples were fixed in 0.25% glutaraldehyde plus 
4% paraformaldehyde and 0.13 m sodium phosphate 
solution (pH 7.2), postfixed in buffered osmium te- 
troxide, and embedded in Epon. Transverse sections 
0.5- to 2-p thick were stained with methylene blue or 
azure blue II for light microscopy. The person who 
examined the sections was unaware of the treatment 
to which the source animal had been subjected. The 
morphologic appearances of the external surrounding 
tissues, epineurium, perineurium, and axons in each 
section were studied. Nine to 11 sections from each 
nerve were scored for evidence of abnormalities or 
damage in three zones: (a) epineurium (epineurial 
cellular infiltration, fibrosis), (b) perineurium (peri- 
neurial fibrosis), and (c) axon (axonal degeneration). 
These “zone” scores were averaged to obtain a single 
value for each zone of each nerve. The scoring was 
on a scale of 0 to 4, where 0 = no abnormalities, 1 = 
questionable abnormalities that could be due to arti- 
fact, 2 = definite abnormalities involving less than 
25% of a cross section of the nerve, 3 = abnormalities 
involving 25% to 75% of the nerve, and 4 = maximum 
abnormalities throughout a zone. 


Data Analysis 


A square root transformation of the average damage 
scores for each region was performed to stabilize the 
variance. Two-way analysis of variance of the trans- 
formed damage scores using epinephrine (no/yes) 
and pH (acidic/neutral) as independent variables was 
performed. No pH-related effect was found in any 
layer (p > 0.5), and so the data from nerves treated 
with acidic or neutral chloroprocaine solution were 
pooled for the remainder of the analysis. The square 
root scores in each treatment group were compared 
with control scores (physiologic solution Medium 
199) and to each other by one-way analysis of variance 
with linear contrasts (SPSS for DECsystem-10, Ver- 
sion H, Release 9.0, 1981). A probability of less than 
0.01 was considered statistically significant as each set 
of scores was challenged by six comparisons. Two- 
way analysis of variance was performed on the dam- 
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Fig 1. Rabbit cervical preparation showing right (R) and left (L) 
trough and carotid sheath (CS): A, 1 minute, B, 4 minutes, C, 12 
minutes after left trough was filled with 2-chloroprocaine, 3 g/dl 
(Nesacaine-CE): right trough contained isotonic saline with so- 


oy 





TABLE 2 











dium bisulphite, 0.2 g/dl, antioxidant in Nesacaine-CE. Note 
pinpoint hemorrhages (PH) that have developed near left carotid 
sheath and vagus nerve (VN) in B, and spread distally in C. 


Observations on Nerve Specimens Removed 10 to 12 Days after Exposure to Control and Local Anesthetic Solutions 


Containing Epinephrine, 5 pg/ml (1:200,000) 


Average damage scores (0-4)* 


Group Sete ne E tel AS eh kg ae — No. of Finpoint Normal ac- 
Epineurial Peringuriaj zonal nerves hemorrhage tion potential 
1A——control 0.18 + 0.05 0.22 + 0.04 0.19 + 0.07 9 0/9 9/9 
2——lidocaine 2% 0.16 + 0.09 0.27 + 0.04 0.26 + 0.05 6 0/6 6/6 
3-—bupivacaine 0.75% 0.27 + 0.11 0.59 4 0.13 0.23 4+ 0.12 6 0/6 6/6 
4A-—~2-chloroprocaine 3% 2.63 + 0.20 2.a0°2 0.44 2.16 + 0.30 8 8/EẸt 3/87 
o—mixturet 1.76 + 0.27 1.98 + 0.20 2.55 + 0.30 4 4/4 1/4 


* Values are means + SEM. 
t Differs from control (p < 0.01) by Fisher's exact test. 
t Chloroprocaine 1.5% and bupivacaine 0.375%. 


age scores using the treatment groups (control versus 
2-chloroprocaine) and epinephrine (present versus 
absent) as independent variables to define the influ- 
ence of epinephrine on the outcome and to test the 
significance of an interaction term, 

The significance of the associations between the 
presence of pinpoint hemorrhages (yes/no) versus 
treatment group, and association of nerve conduction 
(normal/impaired) versus treatment group was tested 
by Fisher's exact chi-square test of association. 


Results 


In Vivo Observations 


During exposure to solutions that contained 2-chlo- 
roprocaine, pinpoint petechia-like hemorrhages con- 


sistently developed in tissues surrounding all the 
nerves (Fig 1 and Table 2). The “‘petechiae” started to 
appear a few minutes after the application of solution 
and increased in size during the exposure. They oc- 
curred whether or not the 2-chloroprocaine solution 
also contained bupivacaine or epinephrine, and 
whether or not the acidity of the chloroprocaine so- 
lution (pH 3.3) was neutralized with sodium bicar- 
bonate to pH 6.8 to 7.2. 

No pinpoint hemorrhages were observed in any of 
the experiments with solutions that did not contain 
chloroprocaine. 


Compound Action Potential 


Conduction of electrical impulses appeared normal 
(compound action potential amplitude exceeded 80% 
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of control values) in all nerves exposed to control 
solution with or without epinephrine or to lidocaine 
or bupivacaine with epinephrine. In contrast, conduc- 
tion was normal (50% to 100% of control values) in 
only three of eight nerves exposed to 2-chloropro- 
caine and epinephrine (conduction was absent in four 
and impaired in one), and in only one of four nerves 
exposed to the mixture of 2-chloroprocaine, bupiva- 
caine, and epinephrine (conduction was absent in two 
and impaired in one). In six nerves exposed to 2- 
chloroprocaine without epinephrine conduction was 
normal in four nerves, absent in one, and impaired in 
one. 


Histologic Observations 


The gross appearance of nerves previously exposed 
to lidocaine, bupivacaine, and control Medium 199 
was similar. Dissection of the nerve was easy, and 
neural swelling, fibrosis, and adhesions were minimal 
or absent. In contrast, there was moderate to marked 
adhesions and fibrosis and the nerve appeared swol- 
len in 15 of 18 nerves exposed to 2-chloroprocaine. 

Light microscopic examination (Table 2, Figs 2 to 
4) revealed little histologic abnormality in nerves 
exposed to control solution, to lidocaine, or to bupi- 
vacaine (groups 1A, 1B, 2, 3; solutions 1A, 2, and 3 
contained epinephrine). In contrast, several nerves 
exposed to 2-chloroprocaine and the mixture of 2- 
chloroprocaine and bupivacaine (groups 4B and 5, in 
which the solutions also contained epinephrine) 
showed extensive cellular infiltration and thickening 
of the epineurium involving the entire circumference 
of the nerve, extensive and marked perineurial fibro- 
sis, and marked axonal degeneration (Table 2, Figs 2 
to 4). 

Group 4A, exposed to 2-chloroprocaine without 
epinephrine, showed less histologic abnormality than 
group 4B, exposed to 2-chloroprocaine and epineph- 
rine (Fig 4). 

Damage was noted most frequently when 2-chlo- 
roprocaine had been combined with epinephrine (Ta- 
ble 2 and Fig 4). Damage scores and the results of 
one-way analysis of variance are presented in Table 
2 and Fig 3. Damage to all three zones of the nerves 
submerged in 2-chloroprocaine and the mixture of 2- 
chloroprocaine and bupivacaine was greater than that 
observed in nerves immersed in control solution, 
lidocaine, or bupivacaine. No difference between 
damage scores in any zone was found when lidocaine 
and bupivacaine were compared with control solu- 
tion. 

The impact of the presence of epinephrine on the 
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Fic 2. Micrographs of transverse sections from specimens of 
vagus nerve excised 12 days after exposure of carotid sheath 
to local anesthetic solution. (Epon sections stained with azure 
blue.) Solutions and numerical damage scores were as follows: 
top, lidocaine, 2 g/dl, and epinephrine, 5 pg/ml, showing normal 
epineurium (EP), questionable perineurial fibrosis (PF): score 1, 
and normal endoneurium (EN) and axons: score 0. Magnification 
257x. Middle, 2~Chloroprocaine, 3 g/dl, and epinephrine, 5 
ug/ml, showing cellular infiltration and fibrosis of epineurium 
(Cl&F): score 3, perineurial fibrosis (PF): score 4, and abnormal 
axons (AX). Magnification 257 x. Bottom, 2-Chloroprocaine, 3 


g/dl, and epinephrine 5 pg/ml. Enlarged portion of same spec- 


imen as middle figure, showing macrophage transformation of 
Schwann cell (MC) and numerous degenerating axons (A). Mag- 
nification 411. 
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Control LID BUP 


CLP Mixture 


Fig 3. Average damage scores in three zones of vagus nerve 
(mean + SEM). Probability values are results from one-way 
analysis of variance using linear contrasts. LID = lidocaine, 2 
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Control CLP 


Fia 4. Average damage scores in epineurial (A), perineurial 
(B), and axonal (C) zones of nerves specimens obtained 12 days 
after exposure to physiologic salt solution Medium 199 (control) 
and to 2-chioroprocaine, 3 g/dl (CLP). In all zones damage 
scores were greatest in nerves exposed to 2-chloroprocaine. 
Presence of epinephrine, 5 ng/ml, increased damage score. 
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TE 
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damage scores is shown in Fig 4, and the probabilities 
resulting from two-way analysis of variance are pre- 
sented in Table 3. 2-Chloroprocaine was associated 
with significantly greater damage in all zones than 
control solution. Epinephrine increased the damage 
in all zones, but an interaction effect (potentiation) 
was observed only in the outer, epineurial zone. 


Discussion 


The cervical part of the vagus nerve of rabbit was 
chosen for this study in vivo because it is readily 
amenable to standardized treatment and observation. 
The fiber composition of this nerve is similar to that 
of human vagus (15) and of cutaneous sensory nerves 
(16). 

The results of this study show that application to 
the carotid sheath (containing the vagus nerve) of 3% 
2-chloroprocaine and epinephrine, 5 pg/ml, or a mix- 
ture of 1.5% 2-chloroprocaine and 0.375% bupivacaine 
and epinephrine, 5 ug/L, frequently impaired C-fiber 
conduction and caused a high incidence of histologic 
abnormalities, including epineurial cellular infiltra- 
tion and fibrosis, perineurial fibrosis, and axonal de- 


g/di; BUP = bupivacaine 0.75, g/dl; CLP = 2-chioroprocaine, 
3 g/dl. Mixture = 2-chloroprocaine, 1.5 g/dl, and bupivacaine, 
0.375 g/dl, CLP. All solutions contained epinephrine, 5 ug/ml. 
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TABLE 3 
Probability Values Associated with Treatment Effects In 
Two-Way Analysis of Variance 

Chioropro- 

cana Epinephrine interaction 

Epineunlal damage <0.001 0.002 0.017 
Perineurial damage <0.001 0.010 0.053 
Axonal damage <0.001 0.010 0.068 


generation. The adverse effect on nerve function and 
structure did not seem to be related to the acidity of 
the 2-chloroprocaine solution as neural damage was 
not diminished by neutralization. The acid pH of the 
2-chloroprocaine solution (pH = 3.3) has been 
thought to cause the adverse neurologic reaction re- 
ported following the inadvertent subarachnoid injec- 
tion of a large volume of 2-chloroprocaine (17). The 
present findings do not support this mechanism. 

The rapid development of pinpoint hemorrhages in 
the tissues exposed to 2-chloroprocaine-containing 
solutions and their steady increase in size during the 
exposure suggest an adverse effect of 2-chloropro- 
caine on blood vessels or red cells. Harris et al (18) 
have reported increased incidence of venous throm- 
bosis following intravenous regional anesthesia with 
2-chloroprocaine and have suggested that the causal 
mechanism is vasculitis. 

An older neuropathologic study of local anesthetics 
in the rat (12) found no abnormalities resulting from 
exposure to a variety of local anesthetic agents includ- 
ing 2-chloroprocaine. However, that study was re- 
stricted to 2-chloroprocaine 1% concentration without 
epinephrine, and a nerve conduction test was not 
performed. 

The neurotoxic effect observed in this study could 
be due to the drug itself, or the antioxidant (sodium 
bisulfite) present in 2-chloroprocaine (Nesacaine-CE) 
or to both. The effect of sodium bisulfite alone was 
not evaluated in this study (but see Fig 1). The addi- 
tion of epinephrine to 2-chloroprocaine solution in- 
creased the incidence of histologic abnormalities. It is 
known that the intraneural concentration of local 
anesthetic varies directly with the total amount of 
drug and the total volume of solution injected (19). It 
has also been shown that the presence of epinephrine 
in the anesthetic solution increases the intraneural 
concentration of lidocaine and amount retained in the 
nerve at the end of 2 hours following the injection 
(20), and increases the incidence of axonal degenera- 
tion (21). Moore (22) has advised caution in the use 
of high concentration of lidocaine and mepivacaine 
with epinephrine in peripheral nerve blocks. How- 
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ever, many other factors probably also affect the 
intraneural concentration and its change over time, 
including duration of exposure, nerve size, and re- 
gional blood flow. 

The relation of neurotoxicity to neural concentra- 
tion of local anesthetic is unclear. It is known that 
local anesthetic drugs inhibit oxidative metabolism 
(23). Ngai et al (24) suggested that the irreversible 
inhibition of the rapid axonal transport that results 
from interference with the energy requirement and 
the metabolic need of the nerve is an indicator of 
neurotoxicity. However, the critical degree of sensitiv- 
ity of rapid axonal transport to local anesthetic is 
unsettled (24). 

Peripheral nerve function seems to be dependent 
on a special perineurial and endoneurial milieu (25) 
and could be influenced by changes in the epineurium 
and the tissue surrounding the nerve. In the present 
study, an extraneural and epineurial tissue reaction 
occurred following exposure to 2-chloroprocaine and 
epinephrine solution that consisted of extensive cel- 
lular infiltration and thickening of the epineurium 
and marked perineurial fibrosis. Foster and Carlson 
(26) surveyed the myotoxicity to the rat tibialis muscle 
of seven commercial preparations of local anesthetics. 
Effects confined to muscle fibers were observed fol- 
lowing the administration of lidocaine and bupiva- 
caine, but an additional effect on vasculature, includ- 
ing the development of a prominent zone of ischemic 
necrosis, followed the administration of 2-chloropro- 
caine 2% and lidocaine 0.5% with epinephrine 
1:200,000. Ravindran et al (27) recently reported that 
subpial necrosis developed in 13 or 15 dogs following 
subarachnoid administration of 2-chloroprocaine, but 
not following bupivacaine. 

The tissue reaction in group 5 (2-chloroprocaine 
1.5% and bupivacaine 0.375% and epinephrine, 5 ug/ 
mil) was as significant statistically as in group 4A (2- 
chloroprocaine 3% and epinephrine, 5 ng/ml) (Fig 4). 
Although this might seem to suggest that even 1.5% 
2-chloroprocaine may be neurotoxic, this suspicion 
should be suspended until the part played by each 
component in the mixture has been determined. 

In the present study in a laboratory animal model, 
2-chloroprocaine was found to be more neurotoxic 
than clinically equivalent solutions of lidocaine and 
bupivacaine. Further work is needed to clarify the 
clinical relevance of these observations. 
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Age and Fentanyl Pharmacokinetics 


John B. Bentley, MD,* James D. Borel, MD,} Robert E. Nenad, Jr., BS, and 
Terrance J. Gillespie, MSc 


BENTLEY, J. B., Bore, J. D., NENAD, R. E., JR., AND GILLESPIE, T. J.: Age and fentanyl pharmacokinetics. Anesth 
Analg 1982:61:968-71. 


Fentanyl pharmacokinetics was compared in two groups of adult patlents, one group (n = 5) aged <50 years, and one 
group (n = 4) aged > 60 years. Despite equivalent doses of fentanyl (10 ng/kg IV), serum drug concentrations were 
significantly higher in the older patient group. This was reflected by a prolonged terminal elimination half-life In the 
elderly compared with the younger patients (945 versus 265 minutes, respectively, p < 0.005). Volumes of the central 
compartment and volumes of drug distribution were similar in both patient groups. However, drug clearance was 
markedly decreased in the elderly (265 versus 991 mi/min, p < 0.005). These data suggest that a given dose of 
fentanyl will be clinically effective for a longer period in older patients than in younger patients. 


Key Words: ANESTHETICS, Intravenous: fentanyl; ANALGESICS: fentanyl; ANESTHETIC TECHNIQUES: balanced; 


BIOTRANSFORMATION (drug): age factors; PHARMACOKINETICS. 


REVIOUS investigations indicate that changes in 

morphine and meperidine pharmacokinetics may 
occur with increasing age. Stanski et al (1) reported a 
terminal elimination half-life for morphine of 2.9 
hours in young, healthy volunteers as contrasted to 
4.5 hours in patients 61 years or older undergoing 
aortic aneurysm resection. Furthermore, Chan et al 
(2) reported that serum concentrations of meperidine 
were higher in patients older than 70 years of age 
compared with patients less than 30 years of age. 
With this background, we investigated fentanyl phar- 
macokinetics in adult patients less than age 50 years 
and elderly patients older than 60 years of age. 


Methods 


Nine consenting female patients ranging in age 
from 29 to 73 years were studied using a protocol 
approved by the Human Subjects Committee at the 
University of Arizona Health Sciences Center. All 
patients were scheduled for elective intra-abdominal 
surgery. Each patient was premedicated with 10 mg 
of oral diazapam and 0.2 mg of intramuscular glyco- 
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pyrrolate 1 to 1.5 hours before surgery. Anesthesia 
was induced with 200 to 400 mg of intravenous thio- 
pental followed by 60 to 100 mg of succinylcholine to 
facilitate tracheal intubation. Following induction, 10 
ug/kg of fentanyl was administered as an intravenous 
bolus. Arterial blood samples were then collected at 
1, 2, 5, 10, 15, and 30 minutes and then at 30-minute 
intervals for 7 hours after initial drug administration. 
Serum fentanyl concentrations were subsequently de- 
termined by the method of Gillespie et al (3). The 
assay is sensitive to 0.1 pg/ml with coefficients of 
variation of 5.6% and 9.1% at fentanyl concentrations 
of 1.0 pg/ml and 0.25 ug/ml, respectively. Mainte- 
nance of anesthesia included 60% nitrous oxide in 
oxygen and incremental doses of thiopental (25 to 50 
mg) as necessary to ensure amnesia. Pancuronium 
bromide was utilized for skeletal muscle relaxation 
and ventilation was mechanically controlled. Intra- 
operative and postoperative Paco, levels were not 
determined. 

Serum fentanyl concentration versus time data were 
analyzed by computer using weighted (1/y’) nonlin- 
ear least-squares regression analyses (4). Initial esti- 
mates of pharmacokinetic equations were obtained 
by application of the method of residuals (5). Two- or 
three-compartment pharmacokinetic modeling was 
based on the F ratio testing criteria of Boxenbaum et 
al (6). 

Student’s t-test was used to compare group mean 
values, whereas linear correlation was used to analyze 


a 
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changes in pharmacokinetics parameters with age. 
Statistical significance was defined as p < 0.05. 


Results 


As can be seen in Table 1, weight, height, fentanyl 
dose, and anesthesia time (induction to recovery room 
arrival) were similar in both groups of patients. How- 
ever, age differed between the two patient groups as 
a result of study design. 

Each individual serum concentration time curve 
was best described by a triexponential equation cor- 
responding to a three-compartment, open-mamillary 
model. Representative individual curves for both pa- 
tient groups are shown in Fig 1. Secondary increases 





TABLE 1 
Group Characteristics* 

Adult Elderty 
No. of patients 5 4 
Age (yr) 36 +4 67 + 2ł 
Weight (kg) 6443 68 t+ 7 
Height (cm) 1865+ 3 166 +3 
Fentanyl dose (ug) 642 + 31 676 + 66 
Anesthesia time (min) 169 + 29 160 + 20 


* Values are means + SEM. 
+ Group mean values significantly different, p < 0.001. 





Time (in) 


Fia 1. A, Serum fentanyl concentration plotted as function of 
time in a 65-year-old patient; B, same for younger patient, 33 
years old. Secondary Increases in serum concentrations can be 
seen in both patients. Terminal elimination half-ives in the older 
and younger patients are 720 and 266 minutes, respectivety. 


in serum fentanyl concentrations were seen in three 
elderly and four of the younger patients. 

Despite equivalent fentanyl dosing (micrograms per 
kilogram of body weight), serum concentrations were 
higher in the older patients (Fig 2). This resulted from 
a prolonged terminal elimination half-life (ty/2g) in the 
elderly compared with the younger patients (945 and 
265 minutes, respectively, p < 0.005). In contrast, the 
drug distribution half-lives (tiy2, and ti/2,) were simi- 
lar in the two patient groups (Table 2). In addition, 
the volume of the central compartment (Vc) was 
similar in the two groups of patients, although the 
mean absolute value tended to be lower in the elderly 
(Table 2). As a result, initial mean serum concentra- 
tions of fentanyl were higher in the elderly (Fig 2). 
` The volume of distribution (Vd) was the same in 
both patient groups, but drug clearance (Cl) was 


100 


5 


Serum Fentanyl Concentration fng/mi) 


p 
Es 
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Fia 2. Mean + SEM serum concentration time curve in four 
elderly (O) and five younger patlents (@) given 10 g/kg of 
Intravenous fentanyl. Upper and lower curves can, respectively, 
be described by the triexponential equation Ca, = 4607474! 
+ 3.307000 4 1.80e7°00049 and Con = 300705 4 
3.607003 4 1,5207004 This represents fentanyl terminal 
elimination half-life of 925 minutes in elderly and 284 minutes in 
younger patients. 


ka 60 99 rai 








TABLE 2 
Fentany! Pharmacokinetics * 
Aduits Elderly 

ti /2» (min) 1.36 + 0.44 1.67 + 0.38 
ti /2a (min) 28+ 8 39 +8 
ti ;2¢ (min) 265 + 22 945 + 64+ 
Ve (L) 2447 i7+6 
Ve (L/kg) 0.36 + 0.09 0.23 + 0.06 
Vd (L) 381 + 65 328 + 27 
Vd (L/kg) 5.9 + 0.8 4.9 + 0.6 
Ci (ml/min) 991 +111 275 t &7T 
Ci (mi/min/kg) 15.44 1.6 4.0 + 0.6+ 


* Values are means + SEM. Abbreviations used are: ti sos, 
drug distribution half-life; ti/2., drug distribution half-life; t,/2<, 
elimination half-life; Vc, central compartment volume; Vd, volume 
of distribution, Cl, clearance. 

+ Group mean values significantly different, p < 0.005. 
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decreased in the elderly (Table 2). Significant corre- 
lations were found between age and both tig and 
clearance (r = 0.82, p < 0.01 and r= —0.80, p< 0.05, 
respectively), but not between age and Vd. 


Discussion 


This study demonstrates that fentanyl pharmaco- 
kinetics changes with age. After comparable doses of 
fentanyl (micrograms per kilogram of body weight), 
serum drug concentrations were higher in elderly 
than in younger patients. This is a result of a pro- 
longed terminal elimination half-life (ti/2g) in the el- 
derly, not changes in fentanyl! distribution (Vc, tis, 
ti/ea}. Alterations in tig can result from changes in 
Vd or clearance as tı = 0.693 Vd/Cl (5). In this 
study, Vd did not change with age, but clearance did. 
Thus, the prolonged tig in the elderly was due to 
decreased drug clearance. 

Decreased fentanyl clearance in the elderly might 
be a result of several factors, including decreases in 
hepatic blood flow or hepatic microsomal enzyme 
activity or increases in drug protein binding (7). Al- 
though none of these variables was measured in this 
study, alterations in each have been documented with 
aging. For example, hepatic blood flow decreases with 
aging (8). Furthermore, the metabolic clearance of 
antipyrine, an index of microsomal enzyme activity, 
has consistently been shown to be decreased in the 
elderly (9, 10). Lastly, there is also a linear decrease in 
serum albumin levels with age (11). Fentanyl phar- 
macokinetics could be altered as a result since fen- 
tanyl is extensively bound to albumin (12). However, 
altered protein binding alone should have little or no 
effect on fentanyl clearance as the drug has such a 
high hepatic clearance (13). More likely, decreases in 
protein binding would be manifest by an increase in 
Vd and potentially tiyeg as tig = 0.693 Vd/Cl (14). 
As the Vd of fentanyl was similar in the older and 
younger patients in our study, probably fentanyl pro- 
tein binding was also similar in the two groups of 
patients. 

Previous investigations also indicate that pharma- 
cokinetics of other narcotics is altered in the elderly. 
Chan et al (2) reported serum concentrations of me- 
peridine that were higher in elderly patients than in 
patients less than age 30 years. Mather et al (15) also 
reported positive correlation of the free fraction of 
meperidine in plasma as a function of age. This would 
result in even higher free meperidine concentrations 
in the elderly patients than those reported by Chan et 
al (2). 

Morphine disposition also may be altered with 
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aging. Stanski et al (1) reported a prolonged tig in 
four elderly patients undergoing aortic aneurysm re- 
section compared with healthy volunteers (mean age 
28 years). In contrast, Berkowitz et al (16) found initial 
serum morphine concentrations were higher in pa- 
tients older than 50 than in patients younger than 50 
years of age. However, tyz was similar in the two 
patient groups. Thus, the effect of age, if any, on 
morphine pharmacokinetics is unclear. 

The secondary peaks in serum fentanyl concentra- 
tion seen in four of our younger patients and three of 
our older patients have been described previously by 
others. Stoeckel et al (17) have shown that fentanyl is 
sequestered in the gastric juice, presumably because 
of ion trapping. They postulated that the sequestered 
fentanyl is subsequently absorbed from the small 
intestine to cause secondary peaks in the serum con- 
centration-time curve. We feel that this is unlikely, as 
we have previously noted secondary fentanyl peaks 
in morbidly obese patients despite continuous naso- 
gastric suctioning (18). In addition, the high systemic 
clearance of fentanyl suggests that drug absorbed 
from the gastrointestinal tract would be subject to 
extensive first-pass metabolism. Another mechanism 
that could explain these peaks may be sequestration 
in muscle with subsequent release on resumption of 
activity. Yet, secondary peaks were seen in some of 
our patients before the termination of surgery and 
thus this mechanism also is not tenable. A more likely 
explanation is that fentanyl trapping occurs in the 
lung because of altered ventilation-perfusion relation- 
ships during surgery and anesthesia. As these rela- 
tionships return toward normal, fentanyl is washed 
out of the lung resulting in secondary fentanyl peaks. 
This speculation is plausible as fentanyl lung storage 
is large (19) and lung ventilation and perfusion rela- 
tionships change during surgery and anesthesia (20). 

In summary, this study demonstrated higher serum 
concentrations of fentanyl in elderly patients than in 
younger patients despite equivalent (micrograms per 
kilogram of body weight). The prolonged fentanyl 
elimination in the older patients results primarily 
from decreased drug clearance. The findings in this 
study suggest that a given dose of fentanyl will last 
longer in older patients than in younger patients. 
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SPRIGGE, J. S., WYNANDS, J. E., WHALLEY, D. G., Bevan, D. R., TOWNSEND, G. E., NATHAN, H., PATEL, Y. C., AND 
SRIKANT, C. B.: Fentany! infusion anesthesia for aortocoronary bypass surgery: plasma levels and hemodynamic 
response. Anesth Analg 1982;61:972-8. 


Plasma fentany! concentrations were measured by radioimmunoassay in patients during aortocoronary bypass surgery 
and correlated with hemodynamic responses to surgical stimulation. Thirty patients scheduled for aortocoronary 
bypass surgery were divided into three groups of 10. Patients in group 1 received fentanyl, 30 ng/kg, as a loading 
dose followed by an infusion of 0.3 ug/kg/min; those in group 2 received 40 ng/kg as a loading dose followed by an 
infusion of 0.4 ng/kg/min; and those in group 3 received 50 ug /kg as the loading dose followed by an infusion of 0.5 
ug/kg/min. The total dose of fentanyl administered to each group up to the time of rewarming on cardiopulmonary 
bypass was 60 ng/kg, 90 ng/kg, and 100 ng/kg, respectively. Each of the dose regimens produced stable plasma 
concentrations starting approximately 20 minutes after induction and continuing until the infusion was discontinued. 
Patients in group 1 had a mean plasma concentration of 10 to 12 ng/ml in the stable period compared with 12 to 14 
ng/ml in group 2 and 15 to 18 ng/ml in group 3. Fewer patients in group 3 responded to intubation and surgical 
stimulation than in the other groups, although the differences between groups were not statistically significant. 
Response to stimulation was treated by the administration of droperidol or volatile anesthetic agents. At a plasma 
concentration of 15 ng/ml, 50% of patients had an increase in systolic blood pressure which required treatment. This 
minimal intra-arterial concentration, analogous to MAC, can be achieved by the administration of fentanyl as a loading 
dose of 50 ug/kg followed by an infusion of 0.5 pg/kg /min. 


Key Words: ANESTHETICS, Intravenous: fentanyl; ANESTHESIA: cardiovascular; PHARMACOKINETICS: fentanyl. 
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ENTANYL-OXYGEN anesthesia is an established and modification of the stress response to surgery 


anesthetic technique for patients undergoing car- 
diac surgery. Advantages include ease of administra- 
tion, satisfactory anesthesia, cardiovascular stability, 
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(1-6). Disadvantages include truncal rigidity (3), 
prolonged respiratory depression (7), postoperative 
awareness (4, 8), and in some instances, hemodynamic 
instability (3, 4). 

In previous studies (1-5) of fentanyl-oxygen anes- 
thesia for cardiac surgery, fentanyl was administered 
as a bolus or as a short infusion to a dose of 50 to 100 
ug/kg. Plasma fentanyl concentrations between 25 
and 48 ng/ml achieved with 75 ug/kg as a short 
infusion have produced stability of hemodynamic 
function before institution of cardiopulmonary by- 
pass (1). However, hypertension and tachycardia in 
response to noxious stimuli during aortocoronary by- 
pass surgery have been reported after doses of 60 pe / 
kg of fentanyl (3) and even after fentanyl, 100 pg/kg, 
administered as a bolus, particularly at the time of 
aortic root dissection (4). This suggests that a bolus or 
short infusion of fentanyl in doses up to 100 pg/kg, 


SPRIGGE ET AL 


although initially producing brain concentrations suf- 
ficient to prevent adverse hemodynamic responses to 
early surgical stimulation, does not produce plasma 
and brain concentrations of fentanyl adequate to pro- 
duce complete anesthesia up to the time of cardio- 
pulmonary bypass. Hug and Murphy (9) have shown 
in rats that brain concentrations of fentanyl are 2 to 
4 times higher than plasma concentrations and their 
decline parallels the decrease in plasma concentra- 
tions. This decline could account for apparent inade- 
quate anesthesia observed in some patients at the time 
of aortic root dissection. We wished to determine 
whether up to 100 pg/kg of fentanyl administered by 
various loading doses and infusion rates would pro- 
_ duce stable plasma fentanyl concentrations above 
which hemodynamic responses to surgery were ob- 
tunded. 


Methods 


The study was approved by the Ethics Committee 
of the Royal Victoria Hospital. Thirty patients sched- 
uled for aortocoronary bypass surgery were divided 
into three groups of 10, each with comparable de- 
mographic data (Table 1). All patients were main- 
tained on their medications until the night before 
surgery with the exception of beta-adrenergic inhibi- 


TABLE 1 
Demographic Data of Fentanyl Infusion Groups 
Group 2 
bolua, 30a/ 208.40 boise 80 p9/ 
kg; Infusion, goa a kg; infusion 
0.3 g/kg/min pg/kg/min 0.5 g/kg/min 
Age (mean yr + 67.1+4.8 55+7 6569822479 
SEM) 
Sex (male/female) 9/1 8/2 10/0 
Preoperative medl- 
cations 
Digoxin 3 1 1 
Propranolol 10 8 8 
NTG 7 5 5 
Diuretic 3 4 3 
Antihypertensive 0 0 2 
Preoperative cardiac 
catheterization 
Diseased vessels 
1 0 0 1 
2 1 2 1 
3 9 8 8 
Ventricular function 
Normal 6 8 8 
Mild-moderate 4 2 2 
dysfunction 





tors and nitrate preparations which were continued to 
the time of operation. Patients were premedicated 
with diazepam, 0.15 mg/kg, orally and morphine, 
0.15 mg/kg, and scopolamine, 0.4 mg, intramuscu- 
larly 1 hour before induction of anesthesia. Patients 
in group 1 received 30 pg/kg of fentanyl intravenously 
as a loading dose followed by an infusion of 0.3 pg/ 
kg/min; those in group 2 received 40 ug/kg as a 
loading dose and an infusion of 0.4 pg/kg/min; and 
those in group 3 received 50 ug/kg as a loading dose 
followed by an infusion of 0.5 ng/kg/min. We studied 
patients in group 2 first, followed by group 3 and 
group 1. Investigator bias was minimized by studying 
consecutive patients with good ventricular function 
and completing each group before starting the next. 
All patients breathed oxygen administered by nasal 
prongs while intravenous, intra-arterial, and thermo- 
dilution pulmonary arterial catheters were inserted 
under local anesthesia. A modified Vs electrocardi- 
ogram was monitored throughout surgery. A control 
hemodynamic profile was determined before induc- 
tion of anesthesia using a Texas Instrument TI 59 
programmable calculator with standard formulas and 
was repeated following the loading dose of fentanyl 
given at the rate of 1 mg/min. Further hemodynamic 
profiles were obtained after intubation, skin incision, 
sternotomy, and, when possible, aortic root dissec- 
tion. Monitoring equipment consisted of Bentley 
Trantec Transducers, a General Electric Four Traces 
monitor, and an Edwards Laboratory cardiac output 
monitor (model 9520A). 

The fentanyl infusion was given by a previously 
calibrated Harvard infusion pump. The infusion was 
started as soon as the loading dose had been given 
and was continued until rewarming had commenced 
on cardiopulmonary bypass or until the patient had 
received a total of 100 pg/kg. Fentanyl induction was 
preceded by 1 to 2 mg of pancuronium to prevent 
chest wall rigidity (4). Upon loss of consciousness, 
muscle paralysis was secured with additional pan- 
curonium to a total dose of 0.15 mg/kg. Patients were 
then intubated and ventilated with 100% oxygen using 
a modified T-piece to maintain normocarbia. l 

Blood samples for fentanyl measurements were 
taken in polypropylene tubes at 5, 10, 20, and 30 
minutes and then every half hour from the beginning 
of the induction of anesthesia. All samples from a 
single infusion study were assayed in the same run. 
Plasma fentanyl concentrations were measured by a 
sensitive radioimmunoassay (RIA) using the fentanyl 
RIA kit (10). Duplicate tubes containing 2- to 20-yl 
plasma samples or standard solutions of fentanyl 
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(0.005 to 2 assay tube) were incubated with antibody 
and °H fentanyl for 2 hours at 22°C (total incubation 
volume 0.7 ml). *H fentanyl was separated from an- 
tibody-bound °H fentanyl using 2% dextran-coated 
charcoal. The supernatant radioactivity representing 
antibody-bound °H fentanyl was quantitated using a 
Packard beta spectrophotometer. Under these condi- 
tions 35% to 40% of total counts added were bound to 
the antiserum. Nonspecifically bound radioactivity 
was monitored in non-antibody-containing control 
tubes and was less than 2% of counts added both in 
the presence or absence of serum. Results of assays 
including assay sensitivity and precision were calcu- 
lated using the computer program of Faden and Rod- 
bard (11). Mean assay sensitivity for 22 consecutive 
assays was 5.8 + 0.3 pg (range 3.9 to 8.9 pg). Within 
assay precision, expressed as a coefficient of variation, 
was +3%. Between assay precision was +10%. Hem- 
olyzed samples were found to interfere in the RIA 
giving spuriously high values. This effect was mini- 
mized by dilution of samples before assay so that the 
volume included in the RIA was no greater than 5 pl 
of the original sample. 

An increase in heart rate or blood pressure of 20% 
or more over the previous recording was termed a 
“response.” When a response occurred, it was treated 
either with various supplemental anesthetic agents 
including NO, droperidol, and enflurane, or, at times, 
in. combination with intravenous nitroglycerin. The 
time at which a response occurred was recorded and 
related to the plasma fentanyl concentration. 

Data were analyzed for statistical significance using 
Student’s t-test and the exact probability test of Fisher, 
Irwin, and Yeats. 


Results 


The mean plasma fentanyl concentrations in pa- 
tients in groups 1, 2, and 3 in the 20- to 180-minute 
period were 10 to 12 ng/ml, 11 to 14 ng/ml, and 15 
to 18 ng/ml, respectively. These concentrations were 
significantly different between groups 1 and 3 in the 
5- to 30-minute time intervals. Thereafter there were 
no statistically significant differences in the mean 
plasma concentrations of fentanyl between the 
groups. However, from Fig 1 it can be seen that for 
the first 90 minutes there appears to be a trend for 
the patients who received the highest infusion rate to 
have the highest plasma levels. Subsequently, plasma 
fentanyl concentrations in patients in group 3 ap- 
proached those observed in patients in group 2, and 
by 180 minutes patients in group 1 had the highest 
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concentrations. Because the total dose of fentanyl was 
limited to 100 pg/kg, patients in group 1 received the 
infusion for approximately 230 minutes, those in 
group 2 for approximately 150 minutes, and those in 
group 3 for approximately 100 minutes. For all pa- 
tients in group 1 and for the majority of patients in 
group 2 the infusion was stopped when rewarming 
was begun on bypass and before they had received a 
total of 100 pg/kg. Plasma fentanyl concentrations 
decreased an average of 30% when cardiopulmonary 
bypass was instituted but returned to their approxi- 
mate pre-bypass values within 30 minutes. The mean 
time at which cardiopulmonary bypass was begun 
was 55 minutes following induction of anesthesia so 
that all patients were still receiving a fentanyl! infusion 
30 minutes after the beginning of bypass. 

The cumulative number of patients and the points 
at which they responded are shown in Fig 2. Of the 
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Fig 2. Cumulative number of patients responding to Induction 
of anesthesia and surgical stimulation before cardiopulmonary 
bypass. 


patients in group 1, one received supplemental dro- 
peridol to induce unconsciousness, three responded 
to skin incision, one at sternotomy, and four at aortic 
root dissection. Of the 10 patients in group 2, three 
responded to skin incision and four to aortic root 
dissection. In group 3, one patient had more than a 
20% increase in heart rate at the time of induction, 
whereas three patients responded to sternotomy and 
one to aortic root dissection. These results suggest 


that patients receiving the higher dose respond less 
frequently and later than those receiving the lower 
dose, although there is no statistically significant dif- 
ference between the 9, 7, and 5 responses in each 
group. 

Hemodynamic measurements and derived indices 
in the three groups are shown in Table 2. No signifi- 
cant differences between the groups were demon- 
strated. In addition, each event was compared to its 
control and to the previous event within each group 
regardless of whether supplemental anesthesia was 
administered or not. No changes from control values 
were noted in central venous pressure, pulmonary 
capillary wedge pressure, or left ventricular stroke 
work index within any group. Significant changes in 
heart rate, cardiac index, and systemic vascular re- 
sistance occurred in group 1. In group 2, significant 
changes were seen in heart rate, systolic blood pres- 
sure, and systemic vascular resistance, whereas in 
group 3 such changes were only seen in heart rate: 
Thus, patients who received the highest dose of fen- 
tanyl had fewer significant hemodynamic changes. 

One patient in group 1 could remember his leg 
being incised for the donor vein but denied discom- 
fort. His systolic blood pressure increased by more 
than 20% and additional anesthesia was given for the 
remainder of the surgical procedure. 

At the time of this study, it was our policy to 
ventilate patients overnight after surgery and no pa- 
tient required mechanical respiratory support beyond 
this time. 


Discussion 


Previous reports have suggested that the incidence 
of hemodynamic disturbances during aortocoronary 
bypass surgery using fentanyl-oxygen anesthesia de- 
creases when the dose of fentanyl is increased (4). In 
doses of 50 ug/kg, significant increases in systolic 
blood pressure and systemic vascular resistance were 
observed at the time of tracheal intubation, skin in- 
cision, and sternotomy (3). When the dose was in- 
creased to 100. ug/kg, hemodynamic changes were 
less frequent and additional anesthesia was usually 
only necessary at the time.of aortic root dissection (4). 
This suggests that the higher dosage produced brain 
concentrations of narcotic sufficient to effect anesthe- 
sia for a longer time but still insufficient to inhibit 
cardiovascular responses up to the time of cardiopul- 
monary bypass. 

In the present study, total doses of fentanyl varied 
between 50 and 100 pg/kg because the infusion was 
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TABLE 2 


FENTANYL INFUSION ANESTHESIA 


Hemodynamic Data during Fentanyl-Oxygen Anesthesia In Three Groups of Patients Undergoing Aortocoronary Bypass 


Surgery* 
HR SBP CVP 
beats/min torr 

Control 

1 6243 11644 6+1 

2 66+3 123 43 8x1 

3 62 + 2 126 +7 6+2 
Induction 

1 77 + 3fł 118 +3 8+t1 

2 7423 108 + 6t£ 8+ 1 

3 72 + 4F4£ 17+8 8+2 
Intubation 

1 79 + 3T 12244 7 +1 

2 77 + 3+ 11445 7+1 

3 77 + ST 1156 +68 6+ 1 
Skin incision 

1 69 + 2ł 127+6 6+1 

2 67 + 4 117+6 8+2 

3 7144 116 +6 122 
Sternotomy 

1 72 + 3ł 125 +5 Ct 1 

2 7343 12446 8+ 2 

3 7O+4 128 +5 641 
Aortic root dissection 

1 77 + St 129 + 11 62 

2 75244 135248 

3 7i+t4 13147 


PCWP Ci LVSWI SVR 
L/min/m* q-m/m* units 
11241 2.8 + 0.2 47+3 12827 
{2+1 3.3 + 0.2 57+6 116 +7 
8+t2 3.0 + 0.2 63 +6 113410 
13 + 2 3.5 + 0.2Tt 4&8 +3 104 + 5tt 
1241 3.6 + 0.2 48 +8 94 + 4tł 
10+ 2 3.6 + 0.5 63 +65 109 +15 
1441 3.6 + 0.2+ 52 +3 107 + 7ł 
1041 3.6 + 0.3 50 + 6 103 47 
8+ 1 3.5 + 0.3 4843 110 4 15 
10żŁ2 3.2 + 0.2 55 + 4 13049 
li ż2 3.1 + 0.3 50 + 8 125+ 16 
9+ 1 3.2 40.3 49+5 109 +12 
922 3.0 + 0.3 4&8 t4 138 +171 
91 2.7 + 0.2 4344 140+ 12 
9+1 3.4 + 0.4 55+6 112 + 11 
8x2 3.4 + 0.5 46+3 127 + 22 


* Values are means + SEM. Abbreviations used are: HR, heart rate; SBP, systolic blood pressure; CVP, central venous pressure; 
PCWP, pulmonary capillary wedge pressure; Cl, cardiac index; LVSWI, left ventricular stroke work Index; and SVR, systemic vascular 


resistance. 
t p < 0.05 compared with control values. 
t p < 0.05 compared with previous study period. 


stopped either at the start of rewarming before dis- 
continuation of cardiopulmonary bypass or when a 
total of 100 pg/kg had been given. The administration 
of fentanyl by infusion allowed its continuous admin- 
istration during cardiopulmonary bypass and was 
only stopped in group 1 (total dose 60 ug/kg) and 
group 2 (total 90 pg/kg) at rewarming, approximately 
2 hours after induction of anesthesia. 

We used the pharmacokinetic model of McClain 
and Hug (12) to predict plasma fentanyl concentra- 
tions following the combination of intravenous bolus 
and infusion and we assumed that the pharmacoki- 
netic parameters were independent of dose. Steady- 
state plasma concentrations during an infusion, when 
the concentrations of drug in blood and at its site of 
action are in equilibrium, are achieved only after four 
to five elimination half times, i.e., 15 to 18 hours for 
fentanyl. Our combined techniques maintains stable 
plasma concentrations after only 20 to 30 minutes. 
Initially, the contribution of the infusion to the plasma 
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concentration is small, only 6% of the eventual steady- 
state concentration at 20 minutes, but the contribution 
increases with time, e.g., 16% at 60 minutes. The 


plasma fentanyl concentrations obtained in this study 


were 1% to 2 times higher than predicted (12), but 
were comparable to those obtained by Bovill and 
Sebel (13) and Schleimer et al (14). We believe that 
our values for fentanyl are more accurate than those 
reported by others for two reasons. First, the recom- 
mended volume of plasma sample in the RIA kit is 50 
ul. This amount is generally too much and results in 
fentanyl values that must be read from the lower end 
of the standard curve. Values calculated from this 
region of the standard curve tend to be imprecise and 
result in spuriously elevated concentrations. We have 
an exquisitely sensitive assay in which sample vol- 
umes as small as 2 to 20 pl are required for values to 
fall in the linear and more accurate part of the stan- 
dard curve. Second, we have significantly reduced the 
effect of hemolysis by dilution of samples. Hemolyzed 
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samples caused nonspecific inhibition of tracer bind- 
ing to antibody in the RIA giving rise to falsely high 
values. For example, plasma from a hemolyzed sample 
of blood containing no fentanyl gave a spurious read- 
ing of 48 ng/ml of fentanyl when assayed by RIA at 
a volume of 50 ul, whereas 2.5 ul of the same sample 
gave a value of 1 ng/ml. Other reasons for the differ- 
ences in reported plasma fentanyl concentrations may 
be explained by different administration regimens or 
by altered pharmacokinetic behavior in this group of 
elderly patients with cardiac disease (15, 16). The 
discrepancy between actual and predicted plasma 
concentrations was not unexpected, but the simple 
formula used in the study did produce stable concen- 
trations in individual patients. 

Lunn et al (1), using an infusion of fentanyl at 300 
g/min to a total of 75 ug/kg, reported plasma con- 
centrations greater than 25 ng/ml 105 minutes after 
the start of the infusion; these concentrations were 
associated with hemodynamic stability up to the time 
of cardiopulmonary bypass. Thus, a plasma concen- 
tration of 25 ng/ml produced brain concentrations 
sufficient to inhibit adverse hemodynamic responses 
to surgical stimuli before cardiopulmonary bypass. In 
our study the number of patients who responded to 
stimulation decreased as the loading dose and infu- 
sion rate of fentanyl increased. There were greater 
variations within groups 1 and 2 in heart rate, systemic 
vascular resistance, systolic blood pressure, and car- 
diac index compared with group 3, although the ab- 
solute numbers of patients responding to stimulation 
were not significantly different between the three 
groups. We were unable to establish a relationship 
between plasma concentrations of fentanyl and pa- 
tient response to the stimulation of skin incision, 
sternotomy, and aortic root dissection. However, at a 
plasma concentration of 15 ng/ml or less, 50% of 
patients had an increase in systolic blood pressure 
which required treatment. Therefore a minimal intra- 
arterial concentration of fentanyl, analogous to MAC 
(17), could not be identified clearly, but it supports a 
level of approximately 15 ng/ml. However, care must 
be taken in correlating hemodynamic responses with 
plasma concentrations in non-steady-state conditions 
because the concentrations at the active site, the brain, 
may differ from that in blood (9) and, furthermore, 
the relationship changes depending on the mode of 
administration of fentanyl. None of our patients re- 
sponded during intubation, 10 minutes after induction 
of anesthesia, although the plasma concentration was 
decreasing at this time. However, it has been dem- 
onstrated in rats that although the decline in brain 


concentration parallels the decrease in plasma con- 
centration, the brain level remains considerably 
higher than that in blood (9). 

In 19 of the 21 “responders” to stimulation, the 
response was diagnosed on the basis of a change in 
systolic blood pressure which was controlled either 
by the addition of nitrous oxide, nitroglycerin, dro- 
peridol (18), or volatile anesthetics (19). The presence 
of background fentanyl anesthesia greatly facilitated 
the control of systolic blood pressure by additional 
anesthetics when indicated and no patient in this 
series demonstrated deterioration of myocardial is- 
chemia before initiation of cardiopulmonary bypass. 

We conclude that hemodynamic stability is im- 
proved during fentanyl-oxygen anesthesia for aorto- 
coronary bypass surgery by administration of fen- 
tanyl as a bolus followed by a continuous infusion. If 
the plasma fentanyl concentration is maintained at 
greater than 15 ng/ml, hypertension and tachycardia 
occur in less than 50% of patients and can be easily 
treated. These conditions can be achieved by admin- 
istering fentanyl as a bolus of 50 pg/kg followed by 
an infusion of 0.5 ug/kg/min. 
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Myocardial Metabolism and Hemodynamic Responses. 
to Halothane or Morphine Anesthesia for Coronary 
Artery Surgery 


Emerson A. Moffitt, MD,* Dhun H. Sethna, MD,f John A. Bussell, MD, 
Marjorie Raymond, RN,§ Jack M. Matloff, MD, and Richard J. Gray, MDT 


MOFFITT, E. A., SETHNA, D. H., BUSSELL, J. A., RAYMOND, M., MATLOFF, J. M., AND GRAY, R. J.: Myocardial metabolism 
and hemodynamic responses to halothane or morphine anesthesia for coronary artery surgery. Anesth Analg 
1982;61:979-85. 


Eighteen patients having coronary artery bypass grafts were randomly anesthetized with morphine (1 mg/kg) or 
halothane and oxygen. Central and peripheral pressures were measured serlally, plus cardiac output and total 
coronary sinus blood flow, both by thermodilutlon catheters, starting before Induction of anesthesia and continuing 
until completion of sternotomy. No significant differences in hemodynamic responses were seen between the two 
anesthetic techniques during induction: blood pressure and peripheral vascular resistance decreased significantly, 
but not cardiac output or coronary flow. Myocardial oxygen consumption decreased significantly with induction as 
oxygen content of coronary sinus blood increased, Indicating preservation of oxygen balance. Heart rate and blood 
pressure Increased after sternotomy in the patients given morphine, with the myocardium producing lactate in two 
of six patients and with nitroprusside being required in four patients to decrease arterial pressure. Halothane- 
oxygen anesthesia effectively controlled autonomic responses to sternotomy, although one of 12 patients had 
myocardial lactate production at that time. Neither rate-pressure product or ST segment changes were useful 
predictors of the ratio between myocardial oxygen consumption and supply. Myocardial oxygen balance can be 
maintained in coronary patients before cardlopulmonary bypass If pulse rate and blood pressure are kept at less than 
awake levels. 


Key Words: HEART: oxygen consumption; ANESTHESIA, cardiovascular; ANESTHETICS, Volatile: halothane: AN- 


ALGESICS: morphine. 





ALOTHANE and morphine have been widely 

used as the major anesthetic agents for coro- 
nary artery bypass grafting. Severe imbalances in 
myocardial oxygen supply and demand can, however, 
occur in such patients during anesthesia. Potent an- 
esthetics may depress myocardial function and the 
circulation enough to reduce coronary blood flow and 
myocardial oxygen supply in patients with coronary 
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disease. Conversely, active sympathetic responses to 
surgical stimulation may cause myocardial oxygen 
needs to exceed supply in these patients. Knowledge 
is needed of the most rational and effective means for 
controlling sympathetic activity. In addition, it is im- 
portant to know when oxygen supply is exceeded, 
i.e, when ischemia is present. 

Although the systemic hemodynamic effects of hal- 
othane and morphine anesthesia have been described 
(1), the effects of these drugs on coronary hemody- 
namics and myocardial metabolism are not known in 
patients with obstructive coronary arterial disease. 
The goal of this study was to examine directly the 
effects of morphine or halothane anesthesia on the 
coronary circulation and myocardial energy metabo- 
lism in patients undergoing coronary artery bypass 
grafting (CABG), and to correlate these effects with 
systemic hemodynamic responses. This report covers 
the period from before anesthesia to initiation of 


cardiopulmonary bypass. 
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MVo. WITH HALOTHANE AND MORPHINE ANESTHESIA 


Methods and Materials 


After informed consent was obtained, 18 patients 
in three groups of six, were studied with a protocol 
approved by our Human Subjects Committee. All 
patients had significant coronary arterial disease and 
were having CABG within 4 weeks of cardiac cathe- 
terization. Left ventricular ejection fraction was 
greater than 50% (mean 68%) in each patient, indicat- 
ing normal left ventricular function. Left ventricular 
end-diastolic pressure (LVEDP) averaged 14 mm Hg 
(>20 mm Hg in four patients). Excluded from the 
study were patients with diabetes mellitus, valvular 
heart disease, arterial hypertension (diastolic > 105 
mm Hg), significant pulmonary disease, and patients 
within 2 weeks after myocardial infarction. Patients 
with minimal mitral regurgitation were included. Al 
patients had regular sinus rhythms. 

The patients’ average age was 58,8 years (range 41 
to 73 years) and weight 76.8 kg (range 57 to 111 kg); 
13 were men. Their New York Heart Classes (H, 
seven; II, eight; and IV, three) were evenly distributed 
in the groups. Thirteen patients had previous my- 
ocardial infarctions and 15 were taking propranolol. 
An average of 3.7 vein grafts were placed. There were 
no significant differences between the groups in terms 
of age, ejection fraction, LVEDP, or number of grafts. 

The study was done in the operating room follow- 
ing instrumentation to be described. Measurements 
were made (a) before induction of anesthesia, (b) after 
induction, (c) after intubation, (d ) before sternotomy, 
and (e) after sternotomy. 

There were no modifications of preoperative med- 
ical regimen for the purpose of the study. In the 
operating room, using sedation and local anesthesia, 
we introduced: (a) a radial arterial cannula; (b) a 
thermodilution triple-lumen catheter (2) (Edwards, 
Santa Ana, CA) by the Seldinger technique through 
the right internal jugular vein into the pulmonary 
artery; and (c) a thermodilution catheter (Webster, 
Altadena, CA) by the same route and technique into 
the coronary sinus, aided by fluoroscopy (3). 

All patients were premedicated with oral secobar- 
bital (100 mg) the night before and 2 hours before 
surgery (3 mg/kg) to decrease anxiety. 

All anesthetics were given by one of us (J.B.) and 
the 18 patients were randomly assigned to one of 
three protocols. 

In six patients, anesthesia was induced with mor- 
phine sulfate, 1 mg/kg, 5 mg/min, followed by tra- 
cheal intubation after diazepam (mean 15.7 mg) to 
assure amnesia. The mean dose of morphine was 76.2 
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mg. Ventilation was assisted and later controlled 
to maintain Paco, at normal levels. The mean time 
from induction to intubation was 17 minutes. 

In six patients (halothane group I) anesthesia was 
induced with halothane (up to 3%) in oxygen after an 
initial dose of thiopental (mean 135 mg). Blood pres- 
sure was reduced to 75% of awake value and main- 
tained there for a mean time of 11 minutes before 
intubation. Respiration was assisted and controlled to 
keep Paco, normal. Intravenous morphine (0.25 mg/ 
kg) had been given 45 minutes before induction. 

In another six patients (halothane group II) halo- 
thane was used for induction as in group I, with 
inspired concentrations up to 3% for a mean time of 
11 minutes before intubation. Patients in group II 
differed from those in group I in having morphine 
premedication intramuscularly (0.25 mg/kg) 1 hour 
before entering the operating room. 

Pancuronium, 0.1 mg/kg, was used in all patients 
to facilitate tracheal intubation. After intubation, pa- 
tients given morphine were ventilated with oxygen, 
whereas patients in the other two groups had halo- 
thane continued as needed to keep arterial pressure 
close to the awake value. 

Total coronary sinus blood flow (CBF) was meas- 
ured by thermodilution as described by Ganz et al. 
(3). Arterial and coronary sinus blood samples were 
obtained simultaneously for measurement of oxygen 
and lactate concentrations, Lactate was measured in 
duplicate by a modification of the Marbach method 
(4). Hemoglobin and its oxygen saturation were meas- 
ured by co-oximetry (Instrumentation Laboratories, 
model 282). Systemic, pulmonary arterial, pulmonary 
capillary wedge (PCW), and right atrial pressures 
were recorded, along with the electrocardiogram, lead 
Vs (Electronics for Medicine). Thermodilution cardiac 
outputs were measured in duplicate (Edwards). He- 
modynamic indices were calculated from measured 
variables according to standard formulas. 

Metabolic indices were calculated as follows: my- 
ocardial oxygen consumption (MVo,) in milliliters per 
minute = CBF X Art — CS difference of Oz content 
with MVo, representing oxygen consumption of that 
portion of myocardium drained by the coronary sinus 
(CS, i.e., essentially the left ventricle). 

Myocardial lactate extraction (MLE) in percent (Art 
— CS)/Art with Art and CS, the arterial and coronary 
sinus concentrations of lactate in milliequivalents per 
liter. 

Statistical analysis was by analysis of variance, 
using the Newman-Keuls test, with p < 0.05 consid- 
ered to be statistically significant. This test compares 
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the findings at each study time with those from all 
other series. 


Results 


There were no significant differences between the 
three groups in any measured or calculated variable 
at the same study time. 

Hemodynamic and myocardial metabolic responses 
during morphine-oxygen anesthesia are summarized 
in Table 1. On induction, morphine caused a 22% 
reduction in systemic vascular resistance with a 27% 
decrease in mean arterial pressure ( p < 0.05). This 
decrease in afterload was accompanied by only a 
small increase in heart rate and no significant change 
in cardiac index. The reduction in coronary perfusing 
pressure was accompanied by an 18% decrease in CBF 
(p = NS). With a decrease in mean rate-pressure 
product from 7939 + 844 to 6146 + 300, there was a 
significant decrease in myocardial energy metabolism. 
The oxygen content of CS blood increased 25% ( p < 
0.05}, which, with the modest decrease in CBF, re- 
sulted in a significant 40% decrease in MVo,. My- 
ocardial lactate extraction remained normal during 
induction. Sympathetic responses accompanying lar- 
yngoscopy and intubation significantly increased 
mean arterial pressure (MAP) and heart rate, with 


TABLE 1 


MvVo, increasing as CS oxygen content decreased. The 
stress of sternotomy was less well tolerated hemody- 
namically and metabolically. Four patients required 
a nitroprusside infusion soon after the sternotomy to 
control the elevated blood pressure (after measure- 
ments called for in our protocol were obtained). Also, 
two patients showed myocardial lactate production 
after sternotomy, resulting in reduction in MLE for 
the group as a whole to essentially zero extraction. 

Results in halothane group I are shown in Table 2. 
On induction, a 16% reduction in MAP and a 14% 
decrease in cardiac index was accompanied by a 34% 
decrease in MVo, ( p < 0.05). The decrease in MVo, 
was reflected by an increase in CS oxygen content in 
the absence of changes in arterial oxygen content and 
CBF. Both pulse rate and blood pressure increased 
significantly on intubation, with an increase also in 
MVo,. 

MLE did not change at any time. With halothane 
in oxygen given after intubation in concentrations 
necessary to keep the blood pressure at awake levels, 
other circulatory variables remained stable through- 
out. Likewise CBF, MVo, and MLE remained un- 
changed through the remainder of the period before 
initiation of cardiopulmonary bypass, including dur- 
ing sternotomy. As the chest was opened, there was 
a significant increase in mean PCW pressure. 


Hemodynamic and Myocardial Energy Metabolic Responses to Morphine* 
naan aaa 


HR MAP 


Ci CBF CS-O: content MVo, MLE 


TANNERMATA OTTONATO ARAARA TTA AAAA Oa iA NAA aan 


beats/min mm Hg  dynes-sec-cm~* mm Hg 
Before induction 64 + 5 85 +6 1386 + 226 10 + 1 
After induction 7043 62 + 3+ 1083 + 132 10 + 1 
After intubation 88+ 5t 84 + 6t 1239 + 198 9+1 
Before sternotomy 7543 95 +5 1389 + 224 tii 
After sternotomy Bit +4 96 +7 1390 + 151 1442 


L/min/m* mi/min milal ml/min % 

2.6 + 0.2 108 + 8 7.4407 9.8 + 0.3 3543 
2.3 + 0.2 89 + 12 9.2 + 0.7f 5.8 + 0.7T 40 +9 
3.0 + 0.5 112 + 26 7.9 + 0.6 8.5 + 1.7 42 + 2 
3.0 + 0.4 103 + & 6.8 + 0.8 9.2 + 0.9 20 + 9 
3.0 + 0.4 103 + 10 6.6 + 0.6 8.9+ 1.3 2+ 21 


* Values are means + SEM; n = 6. Abbreviations used are: HR, heart rate; MAP, mean arterial pressure; SVR, systemic vascular resistance: PCW, 


pulmonary capillary wedge pressure; Ci, cardiac index; CBF, coronary sinus blood flow: CS8-O2, 


consumption; MLE, myocardial lactate extraction. 
t p < 0.05 from preinduction. 
t p < 0.05 from postinduction. 


TABLE 2 


Hemodynamic and Myocardial Energy Metabolic Responses in Halothane Group I* 


————eceesiinrennanittetesnteremtnemmetttenttememetimmentennienestnnemieenvevtnstepenanennenuuisinimmuaaattttnerneetineinnteussnaertertriieennuen 


HR MAP SVR PCW 
beats/min mmHg  dynes-sec.cm™* mmHg 
Before induction 69 + 2 77 +4 1071 + 83 12 +2 
After induction 7i +3 64 + 2 995 + 45 11+ 1 
After intubation 86 + 2¢ 95 + 7t 1217 + 104 Wt 
Before sternotomy 66 + 4 7825 1176 + 127 17 + 2T 
After sternotomy 77 +8 79 +6 1181 + 151 16 + 1+ 


coronary sinus oxygen; MVo, myocardial oxygen 


CI CBF CS-O; content MV o; MLE 
Limin m” mli min mi/di ml/min % 
2.9 + 0.2 107 + 18 6.0 + 0.4 10.3 + 2.3 26 +5 
25+ 0.1 94+30 80404 67423 35+6 
3.1 + 0.1 103 + 33 7.2407 8.7 + 3.0 29+6 
2.6 + 0.2 80 + 19 §.1 + 0.9 6.5 + 1.6 33 + 3 
2.6 + 0.2 93 + 15 §.4+ 0.9 8.4 + 1.5 27245 


* Values are means + SEM; n = 6. Abbreviations are defined in Tabte 1 footnote. 


+ p < 0.05 from preinduction. 
t p < 0.05 from all other series. 
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Results in halothane group II are shown in Table 3. 
With the morphine premedication given subcutane- 
ously, these patients tended to have higher blood 
pressures and greater systemic vascular resistances 
before induction, than did patients who received their 
premedicating morphine intravenously. Subse- 
quently, the decrease in systemic vascular resistance 
(25%) on induction with halothane and the 30% de- 
crease in MAP ( p < 0.05) were greater than in halo- 
thane group I. There was no significant change in 
CBF, so the 38% reduction in MVo, ( p < 0.05) was 
associated with a large increase in CS oxygen content 
( p < 0.05). The autonomic stimulation of intubation 
significantly increased heart rate, MAP, and MVo, 
and decreased CS oxygen content ( p < 0.05). Cardiac 
index and PCW did not vary significantly at any time. 
Sternotomy was well tolerated hemodynamically (no 
patients required nitroprusside) but was associated 
with an increase in MVo, and a greater CBF. Mean 
MLE for the group remained normal, but one patient 
showed myocardial lactate production after sternot- 
omy. One patient in this group had postoperative 
electrocardiogram and enzyme evidence of mild in- 
farction but recovered uneventfully. 

No other patients had postoperative complications 
and all were discharged home. There were no com- 
plications from presence of the catheter in the coro- 
nary sinus for 24-hours after operation. Changes in 
ST segment configuration were not seen at any time 
in this study. 


- Discussion 


Although both morphine and halothane have been 
used widely as major agents in anesthesia for patients 
with coronary disease, the myocardial metabolic cost 
imposed by these drugs is not well documented. The 
major reason has been the difficulty in measuring 
coronary flow in the clinical setting. Our study ex- 
amined the energy metabolism of the left ventricle 
during anesthesia with these agents, specifically their 
effects on myocardial oxygen supply and demand. 


TABLE 3 


In studying anesthetic agents in patients with cor- 
onary disease, patient safety dictates not only that one 
anesthetic drug cannot be given but also that premed- 
ication cannot be omitted. Hence our study was nec- 
essarily not pharmacologically “pure” but instead 
consisted of two anesthetic techniques with the major 
anesthetic being either morphine or halothane. The 
awake control measurements were made in quiet, 
sedated, responsive patients whose cardiovascular sta- 
tus was probably closer to normal than if the patients 
had been studied without premedication. A minimal 
dose of thiopental was given to initiate induction of 
halothane anesthesia and diazepam was given during 
induction of morphine anesthesia to assure amnesia. 
All patients received pancuronium for paralysis. We 
cannot rule out contributions of these medications (5, 
6) to the hemodynamic and metabolic responses ob- 
served, but the majority of these responses were due 
predominantly to the agents (morphine and halo- 
thane) given in largest doses, 

It is also important to describe the patients studied 
in detail, as the results obtained in one clinical setting 
may not apply in others. Our patients had serious 
coronary arterial disease but with ventricular function 
preserved and no other complicating factors. We pre- 
sume that the state of beta-adrenergic blockade was 
less than complete, though 15 of the 18 patients were 
taking propranolol. Patients who had control PCW 
pressures of less than 12 mm Hg, had PCW increased 
to 12 mm Hg before induction by fluid infusion, to 
establish a more uniform base of ventricular function. 
The mean MVo, of the total group, 10.6 ml/min 
before induction, was less than the 15 ml/min found 
by Baller et al (7) in awake subjects with coronary 
disease, probably because our patients were sedated. 


Circulatory Responses 

The changes on induction with both halothane and 
morphine were similar to those previously docu- 
mented (1). The percent changes throughout are evi- 
dent in Fig 1. The decrease in blood pressure was 


Hemodynamic and Myocardial Energy Metabolic Responses in Halothane Group II* 





HR MAP SVR PCW 
beats/min mmHg  dynes-sec-cm™* mmHg 
Before induction 68 +6 190 +6 1510 + 109 16+3 
After induction 74+6 70 + 6f 1127 + 123 1441 
After Intubation 92+ 8f 104 7} 1579 + 189 1644 
Before sternotomy 7426 92 t 9 1336 + 142 21+3 
After sternotomy 8249 9447 1535 + 293 22+ 2 


Cl CBF CS-O, content MVo, MLE 
L/min/m* m/min mijd! mli min % 
2.6 + 0.2 116 + 15 5.924 0.4 12.0 + 2.6 28 +6 
2.4 + 0.2 100 + 15 8.6 + 0.4¢ 7.4 + 1.6f 29 ż 68 
25+01 115416 7.3+0.4ł 9.8+ 1.7 2147 
2.5 + 0.1 81+ 14 6.3 + 0.5 8.3 + 1.9 27+6 
2.5 + 0.3 122 417 5.7 + 0.5 11.3 + 2.4§ 2it7 


* Values are means + SEM; n = 8. Abbreviations ara defined In Table 1 footnote. 


t p < 0.06 from preinduction. 
+ p < 0.06 from postinduction. 
§ p < 0.05 from presternotomy. 
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Fig 1. Percent changes in rate-pressure product (RPP), heart 
rate, mean arterial pressure (MAP), and systemic vascular re- 
sistance (SVR), from mean preinduction control values In three 
groups. 


primarily due to decreased vascular resistance, as 
cardiac output was reduced only a small amount. The 
lack of change in cardiac output with halothane differs 
from that found by others (1). It probably reflects a 
lighter level of anesthesia in our patients, in spite of 
the hypotension. Unfortunately, we documented only 
inspired concentrations, up to 3% for at least 10 
minutes, the maximum possible without treatment of 
the decrease in blood pressure. 

With tracheal intubation, hemodynamic responses 
returned to awake level, the increase in heart rate 
indicating incomplete beta blockade. From that point 
on through the study, circulatory stability was main- 
tained with the halothane-oxygen technique. 

Clearly the 1 mg/kg of morphine did not obtund 
the sympathetic response to sternotomy, as both pulse 
rate and MAP increased. Four of the six patients had 
to be given a nitroprusside infusion immediately after 
the poststernotomy measurements were made. 

However, our patients’ responses to sternotomy 
after 1 mg/kg of morphine were the same as those 


~y._ reported by Kistner et al (8), following 2.1 mg/kg of 


morphine in patients having CABG. They found ele- 
vations of heart rate and blood pressure after sternot- 


omy together with significant ST segment depression. 
Similarly, Wilkinson et al (9), in 12 patients receiving 
2 mg/kg of morphine, found a significant number of 
ischemic episodes. 


Coronary Flow and MVo, 


The coronary sinus catheter enables measurement 
of coronary flow and arteriovenous difference of ox- 
ygen content, the essential components for calculating 
MVo,. 

Limitations of this thermodilution method have 
been summarized (3, 10). Although differences in 
flow were seen from patient to patient, sequential 
measurements in each patient were quite consistent 
(3). Coronary sinus blood is almost exclusively that 
from the left ventricular muscle (11). In patients hav- 
ing cardiac catheterization, Ganz et al (3) found mean 
CBF to be 128 + 20 (SD) ml/min. Sonntag et al (12) 
reported left coronary flow, as measured by the argon 
method, to be 88 ml/100 g/min or 132 ml/min for a 
normal left ventricle. Mean CBF in our 18 patients 
before induction of anesthesia was 110 + 13 (SD) ml/ 
min. With our measurements in close agreement, we 
believe our method was accurate. 

The trends of change in coronary flow and energy 
metabolism, as percent changes from the awake state, 
are shown in Fig 2. In spite of the decrease in perfusing 
pressure, significant decreases in CBF did not occur 
on induction with either morphine or halothane. Nor 
did CBF increase above the awake level upon devel- 
opment of a hyperdynamic state after sternotomy. 

The striking reduction in MVo, on induction with 
both the agents we studied was almost entirely due to 
decreased oxygen extraction (i.e., narrowing of the 
arteriovenous difference in oxygen content) rather 
than to decreases in CBF, which did not change. The 
oxygen saturation of coronary sinus blood almost 
doubled after induction, before intubation. The my- 
ocardium extracted far less of the oxygen presented 
to it, as myocardial work decreased. On intubation, 
MVo, promptly returned toward the awake level, but 
even with subsequent surgical stimulation, MVo, did 
not exceed that observed in the awake state. Reduced 
body temperature was probably a factor in the rate of 
oxygen consumption. 


Myocardial Lactate 


In the presence of sufficient oxygen, the myocar- 
dium extracts more than 20% of coronary arterial 
lactate to produce adenosine triphosphate (ATP). A 
concentration of lactate that is higher in coronary 
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Fic 2. Percent changes in myocardial oxygen consumption 
(MVo,), lactate extraction (lact extr), cardiac index (Cl), and 
coronary sinus blood flow (CSBF), from mean preinduction 
control values in three groups. 


sinus blood than in coronary arterial blood is evidence 
of global anaerobic glycolysis of the myocardium. We 
found lactate production after sternotomy in two of 
six patients given morphine and in one of 12 patients 
receiving halothane. Clearly, if the sympathetic re- 
sponse to surgical stimulation is not obtunded in 
patients with coronary disease, myocardial oxygen 
consumption will exceed supply. 

We emphasize that our study examined myocardial 
oxygenation only globally. The coronary sinus pool 
contains blood from all sections of the left ventricle. 
Evidence of ischemia in local areas poorly supplied 
with oxygen may be completely hidden in the larger 
pool of blood from nonischemic muscle. As yet there 
are no data on regional oxygen balance under the 
conditions of our study. However, when the sinus 
blood contains more lactate than that entering the 
coronary arteries, ischemia of a large proportion of 
the ventricle must be present. 


Evidence of Myocardial Ischemia 


There were no changes in ST segments or other 
electrocardiogram evidence of ischemia at any time in 
any patient. This was also the case in patients who 
had myocardial lactate production and in patients 
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with rate-pressure products up to 16,000. This differs 
from the finding of Wilkinson et al (9) who studied 
CABG patients given morphine or halothane, using 
the same method of coronary sinus flow measure- 
ment. They saw a significant number of ischemic 
episodes as evidenced by ST changes and lactate 
production with both agents. The only discernible 
difference in anesthetic technique between their study 
and ours was that nitrous oxide was part of their 
technique and not of ours. Absence of ST changes 
seems not be an assurance of adequate oxygenation 
and rate-pressure products seem at best to be impre- 
cise indices of myocardial oxygen balance. 

In summary, in 18 patients having CABG, we found 
that MVo, decreased more than oxygen supply on 
induction of anesthesia with either halothane or mor- 
phine. There was no evidence of global myocardial 
ischemia. Maintenance of anesthesia with halothane- 
oxygen resulted in hemodynamic stability and pres- 
ervation of oxygen balance. Morphine-oxygen, 1 mg/ 
kg, did not adequately control the sympathetic re- 
sponse to sternotomy, with myocardial oxygen con- 
sumption exceeding supply in some patients. Neither 
changes in ST segments nor the rate-pressure product 
were useful aids in indicating episodes of myocardial 
ischemia. 
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FASSOULAK!, A.: Brachial plexus block for pain relief after modified radical mastectomy. Anesth Analg 1982;61:986~ 
7. 


Brachial plexus block using an infraclavicular approach was performed at the completion of surgery in 47 patients 
having modified radical mastectomies. In 48 control patients having similar operations, brachial plexus block was not 
performed. Of the 47 patients in whom brachial plexus block was performed, 26 (55%) required analgesia during the 
first 24 hours after the operation, whereas 44 (91%) of the 48 control patients required analgesics (p < 0.0005). The 
time elapsed between the end of anesthesia and requirement of the first analgesic was significantly longer when the 
brachial plexus was blocked (p < 0.001). The efficacy, simplicity, and safety of blocking the brachial plexus at the 
completion of surgery following modified mastectomy demonstrate that this technique could be routinely used for the 


relief of postoperative pain in patients having modified radical mastectomies. 


Key Words: PAIN: postoperative, mastectomy; ANESTHETIC TECHNIQUES: infraclavicular plexus block. 





EGIONAL ANALGESIA has been used to reduce 

postoperative pain. Intercostal nerve blocks after 
thoractomy (1) and posterior intercostal blocks for 
pain relief after cholecystectomy (2, 3) are classic 
examples. Modified radical mastectomy produces 
pain in the axilla and the upper limb. The present 
study has explored the use of brachial plexus block 
by an infraclavicular approach for control of pain 
after modified radical mastectomy. 


Methods 


Ninety-five female patients undergoing modified 
radical mastectomy (removal of the breast and dissec- 
tion of the axillary lymph nodes) were studied. Each 
patient was seen by the anesthesiologist the night 
before the operation and consent to participate in the 
trial was obtained. The anesthetic procedure was sim- 
ilar for all patients. Premedication consisted of diaze- 
pam, 20 mg, given orally 90 minutes before induction 
of anesthesia. Anesthesia was induced with thiopen- 
tal, 5 mg/kg body weight, and fentanyl, 3 ug/kg, 
followed by suxamethonium to facilitate tracheal in- 
tubation, and was maintained with halothane 0.5% 
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and 66% nitrous oxide in oxygen. Respiration was 
controlled and pancuronium was given as required, 

Patients were randomly allocated to one of two 
groups: those who had the brachial plexus on the 
operative side blocked using bupivacaine 0.5% with 
epinephrine 1:200,000 (47 patients), and those who 
did not have a brachial plexus block (48 patients). 
The block was performed by the surgeon at the 
infraclavicular part of the brachial plexus after com- 
pletion of surgery before closure of the incision. The 
volume of bupivacaine used was 15 ml. After removal 
of the mammary gland, the intercostal spaces under- 
neath the skin incision were also infiltrated with 5 ml 
of bupivacaine. The remaining 48 patients who did 
not receive any sort of regional analgesia made up the 
control group. 

Postoperative analgesics were given as required and 
nurses in the recovery room and later in the ward 
recorded the time at which they were administered. 
The nurses had no knowledge of the treatment, if 
any, that had been given. Pain was assessed for 24 
hours following surgery. 

Statistical analysis of the results was performed 
using chi-square test for nonparametric data and Stu- 
dent’s t-test for parametric data. 


Results 


Of the 47 patients in whom brachial plexus block © 


was performed, 26 (55%) required analgesia in the 


FASSOULAKI 


first 24 postoperative hours. Of the 48 control pa- 
tients, 44 (91%) needed analgesics in the same time. 
Brachial plexus block with bupivacaine significantly 
reduced the number of patients needing analgesics in 
the first 24 hours following surgery (chi square = 
16.19, p < 0.0005). The mean time elapsed between 
the end of anesthesia and the time when the first 
analgesic was needed was significantly prolonged in 
patients having brachial block, 467 + 53.47 (SEM) 
minutes compared with 100 + 13.55 (SEM) minutes 
in the control group (t = 6.64 and p < 0.001). 


Discussion 


Pain is a subjective experience and no objective 
method exists by which postoperative pain can be 
precisely estimated. In the present study, postopera- 
tive pain was quantified by means of the analgesic 
requirements after operation and the time between 
the end of anesthesia and the time when a postoper- 
ative analgesic was first required. 

Patients having modified radical mastectomies fre- 
quently complain of pain in the axilla and the upper 
limb. In view of the advantages claimed for the use of 
regional analgesia for management of pain in the 
immediate postoperative period following other types 
of surgery, we felt brachial plexus block might be 
advantageous to patients having mastectomies. No 
similar report is available in the literature. The results 
are more than encouraging. The number of patients 
requiring analgesics in the first 24 hours after surgery 
was significantly reduced, whereas the time elapsed 
from the end of anesthesia to the administration of 
the first analgesic was significantly increased. The 
reader might consider that part of the analgesia may 
have resulted from immobility as movement induces 
pain and brachial plexus block reduces or eliminates 
voluntary motor movement. However, in a few pa- 
tients I have deliberately abducted the arm after per- 
forming the brachial plexus block in the recovery 
room. No pain was elicited. No patient had systemic 
side effects associated with the bupivacaine used for 
the blocks. Maximum plasma levels of 2.0 ug/ml of 
bupivacaine 25 minutes following 30 ml of bupiva- 
caine (a dose twice the amount we used) have been 
reported, a level far below toxic levels (4.0 ug/ml) (4). 
As the dose of the local anesthetic used in the present 
study was lower, plasma levels of bupivacaine would 
be expected to be lower as well. The addition of 


epinephrine results in even lower concentrations (5). 
Possible early signs of toxicity of bupivacaine might, 
of course, have been obscured by general anesthesia. 
This seems unlikely as in our studies infiltration of 
the plexus was done before skin closing, but meticu- 
lous aspiration is imperative to avoid the intravascular 
injection of the local anesthetic. 

Bupivacaine is the local anesthetic agent of choice 
as the duration of analgesia following regional block 
with this drug is longer than when other local anes- 
thetics are used (6). A possible prolonged time of 
onset is not of importance as the analgesic effect is 
desirable after surgery, not for the surgical procedure ° 
itself. 

In our study the surgeon could infiltrate the brach- 
ial plexus under direct vision using an infraclavicular 
approach, a far more effective technique than an 
axillary or an interscalene block. As the plexus is 
exposed when infiltrated directly there is no danger 
of pleural puncture. Other advantages of the tech- 
nique are the prolonged period of postoperative an- 
algesia and the reduced requirement for potent anal- 
gesic drugs. Patients hypersensitive to the local anes- 
thetic or those who will not accept intraoperative 
brachial plexus block are the only patients in whom 
this technique would be contraindicated. The tech- 
nique described might find widespread application . 
for the postoperative relief of pain in patients having 
modified radical mastectomies. 
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Aspiration Syndrome 


David H. Morison, MB, ChB, Geoffrey L. Dunn, MB, BS, Angelica M. Fargas-Babjak, 
MD, Girish C. Moudgil, MB, BS, Kari Smedstad, MB, ChB, and Joseph Woo, MB, ChB 





Morison, D. H., DUNN, G. L., FARGAS-BABJAK, A. M., MoupaiL, G. C., SMEDSTAD, K., AND Woo, J.: A double-blind 
comparison of cimetidine and ranitidine as prophylaxis against gastric aspiration syndrome. Anesth Analg 
1982;61:988-92. 


Preoperative cimetidine, ranitidine, or placebo were administered, orally or intravenously, to 190 patients in a double- 
blind study. The volume and pH of gastric aspirate samples, obtained after tracheal intubation and betore extubation, 
were measured. Both cimetidine and ranitidine produced higher mean pH levels and thus fewer patients “‘at risk” 
should gastric aspiration occur (pH < 2.5) than did placebo. Intravenous ranitidine (in both 40- and 80-mg doses) 
produced fewer patients at risk in the event gastric aspiration should occur than did cimetidine, 300 mg, and the 80- 
mg dose produced a higher mean pH level. Oral ranitidine, 150 mg, produced a significantly higher mean pH level 
than did oral cimetidine, 300 mg, and tended to give fewer patients at risk. The volumes of gastric contents aspirated 
were similar following each of the drugs except that the volume was significantly less two hours following oral 


ranitidine, 150 mg, than after oral cimetidine, 300 mg. 


Key Words: GASTROINTESTINAL TRACT: stomach, cimetidine, ranitidine. 





Ro (1) is a new highly selective He 
receptor antagonist and would appear to be 
more potent than cimetidine, the only currently avail- 
able Hə receptor antagonist (2) approved for clinical 
use. Preoperatively administered cimetidine is par- 
tially effective in increasing the pH of gastric juice to 
greater than 2.5, the critical level generally accepted 
as protecting against the adverse effects of gastric 
aspiration syndrome (3). However, some patients are 
still found to have a gastric pH of 2.5 or less after 
cimetidine and thus be potentially at risk for gastric 
aspiration syndrome (4, 5). The present double-blind 
study was designed to compare the effect of cimeti- 
dine, ranitidine, or placebo when administered before 
surgery by the oral or intravenous route, on the pH 
and volume of gastric aspirate at the time of intuba- 
tion and extubation. 


Methods 
Institutional approval of the protocol was obtained 
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and all patients gave written informed consent before 
entry into the study. Patients studied were A.S.A. 
class I or I, aged 16 to 70 years, weighed between 40 
to 90 kg, and were undergoing elective surgery that 
required tracheal intubation. Patients were excluded 
from the study if they had gastric, duodenal, esoph- 
ageal, renal, or hepatic disease, and were receiving 
drugs that may affect gastric pH or volume, or were 
pregnant or nursing. The study was conducted in two 
segments, according to the route of administration of 
medication. 


Intravenous Administration 


One hundred patients were randomly assigned, 
within blocks of four, to receive either cimetidine, 300 
mg; ranitidine, 40 mg; ranitidine, 80 mg; or placebo 
administered intravenously 1 hour before surgery. 
The drugs were diluted in 10 to 20 ml of 3.3% dextrose 
in 0.3% saline and administered via a previously 
established intravenous cannula over a period of 2 
minutes. 


Oral Administration 


Ninety patients were randomly assigned, within 


=, 
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blocks of six, to receive either cimetidine, 300 mg; 
ranitidine, 150 mg; or placebo administered orally, 2 
or 4 hours before the estimated time of surgery. 

All patients fasted for a minimum of 6 hours before 
surgery. Oral diazepam was administered 2 hours 
before surgery when premedication was considered 
desirable. To ensure blinding, all study medications 
were administered by a nurse not involved in the 
anesthesia or gastric sampling. 

Immediately after tracheal intubation a #16 French 
gauge Salem gastric tube was inserted. The gastric 
contents were aspirated at that time and also before 
extubation. Both volumes were recorded and the pH 





TABLE 1 
Patients Receiving Intravenous Medications * 
n Age Weight Height 
yr kg cm 

Cimetidine, 25 36.8 + 2.70 62,2 + 2.19 163.1 + 1.66 
300 mg 

Rantidina, 25 37.7 + 3.52 65.4 + 2.81 166.9 + 2.34 
40 mg 

Ranitidine, 26 41.7 + 2.89 70.3 z 2.84 166.8 + 1.85 
80 mg 

Placebo 25 44.0 + 2.85 63.6 + 3.18 186.2 + 2.10 


of each sample was measured using a Fisher Accumet 
320 pH meter. Patients in whom the pH of gastric 
juice was 2.5 or less were considered to be at risk of 
severe pulmonary reaction in the event that gastric 
aspiration should occur. Side effects were evaluated 
by direct questioning of the patient immediately be- 
fore anesthesia. The duration of fasting and the times 
from administration of the test drug to both intuba- 
tion and extubation were recorded. 

Numerical data were analyzed using the independ- 
ent t-test. Ordinal data were compared using a Fisher 
exact or chi-square test as appropriate. A level of p 
<= 0.05 was considered to be statistically significant. 


Results 


In both segments of the study, treatment subgroups 
were similar with respect to age, weight, and height 
(Tables 1 and 2). The duration of fasting was similar 
in all subgroups. In some patients, a sample of gastric 
juice could not be obtained after intubation or before 
extubation. In 15 patients in the intravenous admin- 
istration group, an intubation sample was unobtain- 
able. Accordingly, these patients were not included in 
the results in Table 3. One patient in the oral admin- 


TABLE 2 
Patients Receiving Oral Medications* 
n Age 
yr 
2 hr 
Cimetidine 18 37.9 + 3.89 
Ranitidine 16 43.7 + 3.16 
Placebo 18 41.44 3.94 . 
4hr 
Cimetidine 14 34.5 + 3.39 
Ranitidine 14 38.9 + 3.97 
Placebo 14 34.0 + 3.56 


Weight Height 
kg cm 
71.5 + 4,04 169.2 + 2.36 
66.2 + 2.83 163.4 + 1.74 
67.3 + 2.48 165.5 + 2.48 
66.6 + 3.40 166.6 + 2.05 
71.2 + 3.73 169.6 + 2.08 
68.2 + 4.41 166.3 + 3.657 





* Values are means + SEM for patients receiving study medications by the oral route. 


TABLE 3 
Findings at Time of Intubation after Intravenous Medication” 





Time from medication 


Volume of gastric 





n to sampling aspirate Gastric pH No. at risk 

min mi 
Cimetidine, 300 mg 20 76.9 + 9.83 12.1 + 1.88 6.0 + 0.634 7 (35%) 
Ranitidine, 40 mg 21 76.3 + 6.10 15.1 + 3.58 6.1 + 0.44ł 4 (19%) 
Ranitidine, 80 mg 20 64.0 + 4.18 15.6 + 3.72 5.8 + 0.41f 1+ (5%) 
Placebo 24 75.2 = 6.50 19.5 + 4.07 2.2 + 0.23 20 (83%) 





* Values are means + SEM. Patients at risk are those with a gastric pH = 2.5. 


+ p < 0.05 when compared with cimetidine. 
+ p < 0.0001 when compared with placebo. 


ANESTHESIA AND ANALGESIA 
Vol 61, No 12, December 1982 


989 


COMPARISON OF CIMETIDINE AND RANITIDINE 


istration group, in whom a gastric tube could not be 
passed, was replaced in the study, and in eight other 
patients a gastric juice sample was unobtainable at 
intubation. 


Intravenous Group 


The mean values, at intubation, for the time be- 
tween intravenous drug administration and sampling, 
for pH and volume of gastric aspirate, and for the 
number of patients at risk with each medication dose 
are summarized in Table 3. 

There were no statistically significant differences 
between medications in the time intervals from drug 
administration or for aspirated volumes. Mean pH 
values following cimetidine and both ranitidine doses 
were similar and all were significantly higher than 
placebo ( p < 0,001). However, there was a significant 
difference between cimetidine and ranitidine, 80 mg, 
when comparing the number of patients at risk ( p = 
0.045). The results at extubation were similar to those 
at intubation except that volumes. of gastric aspirate 
tended to be smaller. 

‘The incidence of side effects was as follows with 
the intravenous medications: mild headache occurred 
in one of the patients given cimetidine, in two patients 
given each of the ranitidine doses, and in three pa- 
tients given the placebo injections. In some patients, 
mild itching occurred at the intravenous site during 
administration of the test drug. The incidence was: 
cimetidine, one: ranitidine, 40 mg, two; ranitidine, 80 
mg, three; placebo, zero. One patient receiving rani- 
tidine, 80 mg, developed severe itching and redness 
in the arm in which the drug was being infused, 
causing the administration to be terminated before all 
of the drug was given. This cleared up without further 
problems and this patient was replaced in the study. 


TABLE 4 
Findings at Time of Intubation after Oral Medication* 


a Time from medication 


to sampling 
min 
2hr 
Cimetidine, 300 mg 14 137.0 + 2.19 
Ranitidine, 150 mg 13° 136.3 + 9.10 
Placebo 15 138.3 + 8.33 
4hr- 
Cimetidine, 300 mg 12. 220.7 + 17.52 
Ranitidine, 150 mg 14. 216.8 + 23.54 
Placebo 147 203.3 + 14.56 


Oral Group 


The mean values at intubation for the time between 
oral drug administration and sampling, for pH and 
volume of gastric aspirate, and for the number of 
patients at risk with each medication are summarized 
in Table 4. The 2- and 4-hour administrations are 
presented as different subgroups. 

In each of the medication doses in the 2- and 4- 
hour subgroups, the mean intervals between drug 
administration and sampling were similar. The aspi- 
rated volumes were similar for medications in the 4- 
hour subgroup, but, in the 2-hour subgroup, the 
volume following ranitidine was less than that for 
cimetidine and placebo ( p = 0.008 and 0.04, respec- 
tively). Mean pH value following placebo was signif- 
icantly lower than that after both cimetidine and 
ranitidine at both time administrations ( p < 0.001). 
The mean pH value after ranitidine was significantly 
higher than after cimetidine in both the 2- and 4-hour 
subgroups at the time of intubation ( p < 0.01). The 
results at extubation were again similar to those at 
intubation except that volumes of gastric aspirate 
tended to be smaller, and the pH after ranitidine was 
higher than that following cimetidine although the 
difference was not statistically significant. The num- 
ber of patients at risk did not differ significantly 
between cimetidine and ranitidine but was less than 
with placebo. 

The distribution of gastric aspirate pH values as a 
function of the time interval between administration 
of cimetidine or ranitidine and intubation sampling is 
shown in the Figure. Two of the three patients at risk 
following ranitidine received the drug less than 2 
hours before intubation. Following cimetidine, six 
patients who received the drug 2 to 3 hours before 
intubation sampling were at risk. 


Volume of gastric 
aspirate Gastric pH No. at risk 
mi 
15.9 + 2.88 4.0 + 0.53% 4 (29%) 
6.8 + 1.07T 6.1 + 0.53f4 2 (15%) 
20.0 + 5.55 2.3 t 0.34 13 (87%) 
11.8 + 2.89 3.9 + 0.547 4 (33%) 
9.8 + 2.22 5.8 + 0.4674 1 (7%) 
16.2 + 3.10 1.9 + 0.08 14 (100%) 





* Values are means + SEM. Patients at risk are those with a gastric pH < 2.5. 


sh pX 0.01 when compared with cimetidine, 300 mg. 
t p < 0.001 when compared with placebo. 
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TIME IN HOURS FROM DRUG ADMINISTRATION 


A FiGure. pH of gastric aspirate at time of Intubatlon following 


oral administration of cimetidine, 300 mg (O), or ranitidine, 150 
mg (@), as function of time from drug administration. 


The incidence of side effects was low following the 
oral medications. Two patients who received cimeti- 
dine and two who received ranitidine developed mild 
headaches with nausea. No side effects were seen 
following orally administered placebo. 


Discussion 


Gastric acid aspiration syndrome continues to be a 
significant risk in anesthesia (6-8). A number of 
agents, including cimetidine, have been investigated 
in the hope that preoperative administration will con- 
sistently result in a gastric pH greater than 2.5 at the 
time of intubation. However, preoperative cimetidine 
does not consistently increase gastric pH to greater 
than 2.5 and the percentage of patients at risk varies 
from 10% following 300 mg of cimetidine given intra- 
venously (4) to 16% when given orally (5). Ranitidine, 
a new Hp: receptor antagonist that is more selective, 
potent, and longer acting than cimetidine was there- 
fore studied to determine whether it would be more 
effective than cimetidine in increasing gastric pH. 

In addition to a gastric pH level of 2.5 or less, a 
minimum gastric volume of 25 ml is often used to 
define patients at risk of severe pulmonary reaction 
in the event that gastric acid aspiration should occur 
(3). However, in this study. it was decided to define 
risk solely on the basis of the pH level, as it was not 
considered that the method of gastric aspiration en- 

. sured an accurate measure of the total gastric contents. 


Both cimetidine and ranitidine, when compared 
with placebo, resulted in significantly higher gastric 
pH levels and fewer patients at risk in the event that 
gastric aspiration should occur. In terms of producing 
the fewest patients at risk, ranitidine, 80 mg, admin- 
istered intravenously was the most effective dose 
regimen. Oral ranitidine, 150 mg, given 4 hours before 
surgery was as effective as 80 mg given intravenously 
in increasing gastric pH and only one patient in 14 
had a gastric pH = 2.5. A similar result has recently 
been reported in a study (9) in which ranitidine, 150 
mg, was administered orally on the evening before as 
well as on the morning of surgery. In this study, two 
of the three patients at risk after oral ranitidine re- 
ceived the drug less than 2 hours before intubation, 
whereas the one other patient at risk received the 
drug more than 4 hours before intubation; therefore 
a time interval of more than 2 hours from drug 
administration does not seem to ensure that gastric 
pH will be in a safe range. 

The duration of action of ranitidine is reported to 
be longer than cimetidine, but in this study gastric pH 
at the time of extubation did not decrease to less than 
levels observed at the time of intubation even in 
patients studied up to 7 hours after the oral adminis- 
tration of cimetidine or ranitidine. In fact, the pH 
value in all groups including placebo tended to be 
slightly higher at extubation than at intubation, con- 
firming a previous report that the gastric pH tends to 
increase during anesthesia and surgery (10). 

The incidence of side effects was low and consisted 
mainly of itching at the site of intravenous adminis- 
tration of cimetidine and ranitidine. The incidence 
following ranitidine tended to be higher but this was 
not a statistically significant difference from that fol- 
lowing cimetidine. One patient, receiving ranitidine, 
80 mg, intravenously, had a severe local reaction at 
the site of injection necessitating cessation of drug 
infusion. Thus, for 80 mg of ranitidine, perhaps fur- 
ther dilution or a slower intravenous administration 
should be considered. 

Ranitidine is at least 4 times as potent as cimetidine 
on a molar basis (1, 11), and therefore the doses of 
cimetidine and ranitidine studied may not be equi- 
potent. However, 300 mg of cimetidine is the recom- 
mended dose (2), and it has been used in other studies 
(4, 5). Oral ranitidine, 150 mg, is the dose that has 
been studied, but this may be more potent than the 
dose of cimetidine used. Intravenous ranitidine, 80 or 
40 mg, is approximately % to % the 300-mg dose of 
cimetidine studied, and therefore may be considered 
to be in the equipotent range. 
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In conclusion, both cimetidine and ranitidine were 
significantly better than placebo in producing a higher 
mean pH and fewer patients at risk in both the oral 
and intravenous administration groups. Ranitidine, 80 
mg, administered intravenously produced both a 
higher mean pH and thus fewer patients at risk than 
did cimetidine 300 mg. Ranitidine, 40 mg, adminis- 
tered intravenously also resulted in fewer patients at 
risk than did cimetidine, 300 mg. Mean gastric pH 
levels were similar after both doses of intravenous 
ranitidine. Oral ranitidine was associated with signif- 
icantly higher pH values than oral cimetidine and 
thus also tended to decrease the number of patients 
at risk. In view of the lack of side effects following 
oral ranitidine, this would appear to be the preferred 
route of administration, when clinically appropriate, 
for protection against gastric aspiration syndrome. 
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Continuous Intravenous Anesthesia with Etomidate for 
> Carbon Dioxide Laser Surgery of the Larynx 


Roberto L. Sia, MD,* Durk F. Zandstra, MD,* and Jos J. M. van Overbeek, MD, PhD} 


Sia, R. L., ZANDSTRA, D. F., AND VAN OVERBEEK, J. J. M.: Continuous intravenous anesthesia with etomidate for carbon 
dioxide laser surgery of the larynx. Anesth Analg 1982;61:993-6. 


Twenty-five adult patients undergoing carbon dioxide laser surgery for benign and malignant disease of the larynx 
were given continuous Infusion of etomidate at 60 z4g-kg™'-mIn~' for induction of anesthesia. Maintenance anesthesia 
was continued using one of three infusion rates: 20 ng-kg~'-min~? (n = 6), 30 ng-kg~*-min7' (n = 10), and 40 ug- 
kg~'-min~' (n = 10) of etomidate in alr-oxygen mixture. Muscular relaxation was achieved by continuous Infusion of 
succinylcholine, and fentanyl was used for analgesia. Continuous etomidate infusion for induction of anesthesia 
resulted In a significant decrease In the incidence of pain along the injection site to 8% and Involuntary muscular 
movements to 12% compared with 36% and 44%, respectively, in a group of 25 adutt patients undergoing endoscopic 
procedure who received intravenously a single bolus Injection of etomidate (0.3 mg-kg™'). However, a prolonged 
a _ recovery time was observed after 30 minutes of continuous etomidate infusion. 


Key Words: ANESTHETICS, Intravenous: etomidate; ANESTHESIA: otolaryngologic. 


INCE THE introduction of carbon dioxide laser 
surgery for the treatment of benign and malig- 
nant pathology of the vocal cords and larynx, one of 
the most widely used anesthetic techniques consists 
of thiopental for induction of anesthesia followed by 
succinylcholine for tracheal intubation with mainte- 
nance of anesthesia using nitrous oxide-oxygen and 
halothane or enflurane plus d-tubocurarine, pancuro- 
nium, or succinylcholine infusion for muscular relax- 
ation (1-3). 
Etomidate, a nonbarbiturate, has the advantages of 


no ultrashort duration of action (4, 5), little cumulative 


effect, absence of histamine release (6), and cardio- 
vascular stability (7, 8) when used as bolus injection 
during induction of anesthesia. For these reasons we 
evaluated the use of continuous infusion of etomidate 
during COz¢ laser surgery of the larynx using three 
dosages to determine the effect on recovery time, the 
frequency of pain at the infusion site, and the fre- 
quency of involuntary muscle movements during in- 
duction and maintenance of anesthesia. 


* Staff Anesthesiologist, Department of Anesthesia. 
f Staff Otolaryngologist, Department of Ear, Nose and Throat 
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Patients and Methods 


Twenty-five adult A.S.A. class I or II patients ad- 
mitted for elective COs: laser treatment of benign and 
malignant conditions of the vocal cords and larynx . 
gave informed consent for this study. Patients’ ages 
ranged between 17 to 56 years (mean 34) and weight 
between 50 to 76 kg (mean 60). 

Premedication consisted of papaveratum, 10 mg, 
and atropine, 0.5 mg, 1 hour before the operation. 
Anesthesia was induced using an etomidate infusion 
delivered by an IVAC (IVAC 531, IVAC Corp., San 
Diego, CA) pump (250 mg of etomidate in 250 ml of 
glucose-NaCl using the 125-mg ampule containing 
alcohol solvent) at a rate of 60 pg-kg™?-min™ in all 
patients for approximately 5 minutes until conscious- 
ness and the eyelid reflex were lost. Following oxy- 
genation by face mask, succinylcholine, 1 mg-kg™, 
was administered and tracheal intubation was per- 
formed. Maintenance of anesthesia was by continuous 
intravenous infusion of etomidate at one of three 
rates: 20 pg-kg~*-min™ (n = 5), 30 pg-kg*-min™ (n 
= 10), and 40 ug-kg™*-min™ (n = 10). Fentanyl, 0.1 
mg, was administered intravenously after tracheal 
intubation and an additional dose of 0.05 to 0.1 mg 
was given if the patient reacted during the procedure 
or when the procedure lasted more than 30 minutes. 
Relaxation of the laryngeal musculature during sur- 
gery was achieved using a 1% succinylcholine infusion 
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at 60 we-kg™'-min™; if the vocal cords began to 
contract the infusion rate was increased to 75 to 90 
ug-kg `- min™. Patients were ventilated using an air- 
oxygen mixture (6:1 L/min) at a frequency of 16 
breaths per minute using an Engstrøm ventilator. The 
etomidate and suxamethonium infusions were dis- 
continued at the end of the laser procedure and the 
patients were then manually ventilated using oxygen. 
The duration of anesthesia varied from 16 to 62 
minutes. Blood pressure and electrocardiogram were 
monitored during anesthesia. Precautionary measures 
to avoid possible burns during use of COs laser 
included aluminum wrapping around the armored 
tracheal tubes. 

In 25 adult patients (similar premedication) un- 
dergoing short endoscopic procedures for esophagos- 
copy and direct laryngoscopy anesthesia was induced 
with a single bolus dose of etomidate, 0.3 mg-kg™’, 
intravenously. After face mask oxygenation, succi- 
nylcholine, 1 mg-kg™*, was administered to facilitate 
tracheal intubation, and maintenance anesthesia was 
with 0.5% to 1% halothane, 67% nitrous oxide in 
oxygen. No fentanyl was administered before the 
induction of anesthesia. 

During etomidate infusion or bolus etomidate ad- 
ministration, the patient was asked a standard ques- 
tion: “What do you feel in your arm?” Pain was 
recorded as Yes/No; slight discomfort was recorded 
as No. 

Recovery time (minutes) was measured as the time 
from the cessation of the etomidate infusion until the 
patient opened his eyes and responded to verbal 
commands evaluated every 5 minutes. The mean 
induction time, mean induction dose of etomidate, 
mean fentanyl dose, and mean duration of anesthesia 
were calculated. Results are expressed as means + 
SD. Regression analysis of the recovery time with the 
three infusion rates and total etomidate dose were 
also calculated. 


Results 


The mean duration of anesthesia for the three 
etomidate dosage regimes were: 20 ug. kg *-min™’, 20 
+ 4 minutes; 30 ug-kg-*-min™, 29.7 + 7.5 minutes; 
and 40 ug-kg™’-min™’, 39 + 16 minutes. The mean 
induction time was 4.62 + 0.79, minutes mean induc- 
tion dose of etomidate was 17.96 + 3.49 mg, and 
mean fentanyl dose was 0.18 + 0.04 mg. Regression 
analysis of the recovery time with the three infusion 
rates and total etomidate dose for each patient showed 
prolonged recovery time and gave significant corre- 
lations with coefficients of 0.683 and 0.928, respec- 
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tively (Figure). The mean recovery times for the three 
etomidate dosage regimes were 9.6 + 4.8, 15.9 + 3.1, 
and 22.9 + 7.8 minutes, respectively. The mean total 
induction dose of etomidate and mean recovery time 
in the single bolus dose group of patients were 13.20 
+ 7.36 mg and 2.74 + 0.72 minutes, respectively. 

Pain on injection and involuntary muscle move- 
ments were significantly reduced to 8% and 12%, 
respectively, compared with 36% and 44%, respec- 
tively, with the single bolus dose induction. Muscular 
movements due to minor surgical stimulation in 40% 
of patients were observed when the infusion rate was 
20 pg-kg~*-min™’, but were not encountered with the 
two higher infusion rates. During suspension laryn- 
goscopy and tracheal manipulation, episodes of tach- 
ycardia, bradycardia, and extrasystoles were observed 
from time to time, but blood pressure and heart rate 
in general remained remarkedly stable during the 
course of anesthesia. 


Discussion 


In CO, laser treatment of the vocal cords and 
larynx, several points of cardinal importance should 
be considered when using a continuous etomidate 
intravenous anesthesia technique: (a) as the airway is 
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involved in the procedure, early recovery from anes- 
thesia and neuromuscular blockade should be of pri- 
mary concern and importance. (b) the drug must be 
safe, effective, and provide adequate levels of anes- 
thesia: and (c) operating room pollution, as when 
volatile anesthetics in nitrous oxide-oxygen are used, 
can be avoided, along with the potential health hazard 
(9) associated with such pollution. 

The high incidence of pain on injection and invol- 
untary muscle movements commonly seen during 
etomidate bolus induction (10) were significantly re- 
duced with the continuous etomidate infusion induc- 
tion. Prior administration of fentanyl or injection of 
fentanyl via rapidly running infusion in order to 
diminish pain and involuntary muscle movements 
was not necessary during continuous etomidate in- 
duction infusion. Fentanyl was administered only 
when the patient was asleep. It appears that drug 
dilution, slow rate of administration, and a stable 
venous dose concentration are important factors in 
minimizing these side effects. 

Recovery time appears to be influenced by the 
additive effects of etomidate induction dose, etomi- 
date infusion rates, duration of anesthesia, and the 
amount of analgesia administered. The high plasma 
etomidate concentration after induction by infusion 
of etomidate would be expected to decrease rapidly 
because of tissue redistribution and metabolism. 
However, the subsequent maintenance. infusion rates 
will provide variable plasma etomidate concentrations 
which are related to the depth of anesthesia. It appears 
that with the 40 ug-kg '-min™ and 30 pg-kg’- 
min™ infusion rates, plasma etomidate concentrations 
are above the awakening threshold (etomidate plasma 
concentration 0.2 ug/ml) and these infusion rates were 
found sufficient to maintain adequate hypnosis dur- 
ing ventilation with air-oxygen. With the 20 ug- kg™!. 
min™ infusion rate, the depth of anesthesia may be 
near the awakening threshold with consequent risk of 
awareness during surgical stimulation. The cumula- 
tive tendency resulting in a prolonged recovery time 
after continuous etomidate infusion for 1 hour could 
be explained on the basis that steady-state plasma 
etomidate concentrations are only attained after 3 to 
4 times the elimination half-life of approximately 200 
minutes as reported by De Ruiter et al (11). 

Due to wide variations in the duration of operations 
(from 15 to 60 minutes), the choice of the ideal muscle 
relaxant can be a problem. It is our experience that 
during laser surgery of the larynx, the usual dose 
requirement (e.g., pancuronium, 0.1 mg-kg™*) which 
gives adequate relaxation for abdominal procedures 


is not sufficient to provide complete relaxation of the 
vocal cords. Usually 1 % to 2 times the usual dose is 
needed to achieve profound relaxation of the vocal 
cords. This is essential because any slight movement 
of the vocal cords can lead to burning of normal 
tissue. It has been shown that the musculature of the 
vocal cords has a unique type of innervation which 
might explain the resistance of the laryngeal muscu- 
lature to the action of non-depolarizing agents (12), 
but not to the depolarizing agent succinylcholine (R. 
L. Sia, unpublished observations, 1980). The total 
amount of succinylcholine used in any 1-hour pro- 
cedure did not exceed 500 mg and the analgesia 
(fentanyl) requirement in this rather painless opera- 
tion was small. Return of spontaneous breathing was 
usually observed shortly after stopping the succinyl- 
choline infusion. 

This study showed that prolonged continuous 
etomidate infusion in air-oxygen is associated with 
prolonged recovery time. It appears that in operations 
lasting more than 30 minutes, etomidate can be best 
used as single bolus dose injection for induction of 
anesthesia followed by halothane or enflurane in 
nitrous oxide-oxygen for maintenance of anesthesia. 
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Twenty-five patients (aged 3 to 39 years) were anesthetized with methohexital for electrocorticographic mapping and 
resection of epileptogenic foci. These patients have been compared with 11 patients (aged 11 to 40 years) who had 
the same surgical procedure performed while they were awake because their epileptogenic foci were near the speech 
or motor areas. All patients received morphine and droperidol to produce analgesia and sedation, and a field block 
was established with local anesthetics. In the 25 patients, general anesthesia was induced with methohexital, 1.5 mg/ 
kg, and maintained with a 0.1% infusion. After intubation, ventilation to a Paco, of 30 mm Hg was maintained with O2/ 
air. A resectable abnormal electroencephalogram focus was localized in every case. All but two of the patients awoke 


~ promptly in the operating room, allowing extubation and participation in neurologic assessment. None remembered 


the procedure. The incidence of improvement of seizures in patients given methohexital was similar to that in patients 
who had surgery while awake. Unlike many general anesthetics that depress epileptogenic activity, methohexital 
activates seizure activity and can therefore be used for the dual purpose of producing general anesthesia and 
enhancing electrocorticographic delineation of epileptogenic foci. 


Key Words: ANESTHESIA: intravenous, methohexital; ANESTHETICS, Intravenous:methohexital: ANESTHESIA: neu- 


rosurgical, epilepsy. 





URGICAL treatment of the epilepsies, first de- 

scribed and performed by Foerster and Penfield 
in 1930 (1), has proven to be a successful mode of 
therapy in selected cases of uncontrollable epilepsy, 
but precise delineation of the epileptogenic focus by 
the use of intraoperative electrocorticography is es- 
sential to this success (2). Because most general an- 
esthetics are associated with marked and prolonged 
suppression of epileptogenic foci (2), this surgery is 
usually performed with the patients awake (3). When 
general anesthesia has been used, the patients have 
been awakened intraoperatively so that recordings of 
interictal activity were not suppressed. It would, how- 
ever, seem worthwhile to offer the benefits of general 
anesthesia if this were consistent with successful re- 
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cording. Certain hazards of awake operation could be 
avoided and the disadvantages of intraoperative 
awakening of the patient (3) would be circumvented. 
Furthermore, hyperventilation, a potent activator of 
epileptogenic foci, could be used. We describe such 
a technique. 

Reports that methohexital, an ultrashort-acting bar- 
biturate, activates interictal electroencephalographic 
evidence of epileptic foci (4) suggested that it might 
be used both as a general anesthetic and to enhance 
electrocorticographic mapping. We now report its use 
in 25 focal cortical resections. Eleven patients who 
had foci delineated awake because of proximity to 
motor or speech areas served as a comparison group. 
This is not a proper control group as the patients were 
selected on the basis of different criteria. Neverthe- 
less, the results in this group can be used to obtain a 
general evaluation of our success using more tradi- 
tional techniques. 


Methods 


This series includes the 36 selective cortical resec- 
tions performed in 33 patients in our hospital since 
1976. Twenty-five patients (aged 3 to 40 years, mean 
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19.9 years) received general anesthesia using metho- 
hexital. Eleven patients (aged 11 to 40 years, mean 
23.1 years) required identification of areas bordering 
on the focus to be resected and were operated on 
awake. These two groups include three patients each 
of whom underwent two operations. 


Anesthetic Technique 


All patients had their antiepilepsy medications dis- 
continued before surgery, and paraldehyde was used 
as necessary for control of seizures. Premedication 
consisted of morphine, hydroxyzine, and an antisial- 
ogogue, alone or in combination. Barbiturates and 
diazepam were not used. Monitors included Doppler 
blood pressure probe and cuff, precordial stetho- 
scope, Foley catheter, electrocardiogram, and temper- 
ature probe. In addition, the patients operated on 
under local anesthesia had a radial intra-arterial can- 
nula inserted. In this “awake” group, increments of 
intravenous morphine and droperidol were given to 
achieve a cooperative but sedated patient with a Paco, 
level less than 48 mm Hg. Morphine was chosen over 
fentanyl as it was felt to offer a somewhat smoother 
level of analgesia and sedation. In a few later cases, 
fentanyl was used. The pin head-holder was placed 
using a mixture of lidocaine 0.5% and bupivacaine 
0.375% with epinephrine 1:200,000 as local anesthetic. 
The same solution was used to infiltrate the incision 
line both superficially and deeply (above and below 
the galea) to the level of the periosteum. A generous 
amount was also infiltrated along the superior border 
of the zygoma and into temporalis muscle. The area 
where the scale flap would hinge was also infiltrated. 
A maximum of 1 ml/kg was used. Approximately 10 
minutes elapsed before incision. If frank seizures were 
encountered in the “awake” patients, 100% Oz was 
administered by face mask until the seizures sponta- 
neously ceased. Occasionally, a nasal airway was 
used. 

In the patients to be given methohexital, morphine 
(up to 0.6 mg/kg), droperidol, and local anesthesia 
were given as described above. In addition, general 
anesthesia was induced with methohexital, 1 to 1.5 
mg/kg, as a bolus, followed by succinylcholine for 
tracheal intubation. A continuous infusion of metho- 
hexital 0.1% was begun and ventilation controlled 
with oxygen and air to maintain a Pco, level of 30 mm 
Hg, monitored by end-tidal sampling. A non-depo- 
larizing muscle relaxant (curare or pancuronium) was 
injected intermittently in doses to abolish the fourth 
twitch of train-of-four stimuli applied-by a peripheral 
nerve stimulator to the ulnar nerve. The rate of meth- 
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ohexital infusion was determined by changes in vital 
signs, patient movement, and interpretation of the 
electroencephalogram (EEG). Typically, 10 mg/kg of 
methohexital was used over 6 hours. When excision 
of cortical tissue was completed and no further re- 
cordings were required, all intravenous agents were 
discontinued and N2O added for closure. At the con- 
clusion of the operation the muscle relaxant was 
reversed and extubation was accomplished with re- 
sumption of appropriate respiration and return of 
consciousness. Small doses of naloxone were needed 
in three patients. 


Intraoperative Corticography 


The presence and extent of the epileptogenic focus 
were determined by an array of 27 specially made 
bipolar platinum/silicone electrodes placed in three 
rows across the exposed surface of the brain on both 
sides of the Sylvian fissure and extending to the area 
of the central gyrus. The electrode holder was 
clamped to the skull. Electrodes were repositioned 
following excision, their positions at each stage being 
marked by the encephalographer on “brain diagrams” 
illustrating the topography of the surface of the brain. 
Somatosensory-evoked potentials were recorded after 
stimulation of face, arm, and leg, with the indifferent 
electrode in muscle, and the appropriate areas 
charted. 


Surgical Technique 


The patients were in a semilateral position with the 
head supported by a three-pin Mayfield head-holder. 
Following delineation of the epileptogenic focus, a 
localized cortical resection or temporal lobectomy was 
performed with bipolar cautery and suction. For 
smaller resections a subpial dissection was performed 
where possible. When the anterior temporal lobe was 
removed, brain tissue was removed over the Island of 
Reil without disturbing the underlying pia. If a small 
delineated area having an active electrical abnormality 
could not be sacrificed, subpial transverse cortical 
sections were performed using a small angled dis- 
secting hook. After hemostasis was obtained, the dura 
was closed, the bone flap wired back in place, and the 
scalp closed in layers. No drains were used. 


Results 


Identification and Delineation of Focus 


A resectable abnormal EEG focus consistent with 
the patient’s symptoms was found at every operation. 
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Fia 1. Intraoperative electrocorticography. Twenty seven elec- 
trodes were arrayed In three rows of nine, as shown In brain 
diagrams. Electrical potentials were recorded between palrs of 
adjacent electrodes, elght palrs for each of three rows. Closed 
arrows indicate epileptogenic spikes from Inferior temporal gy- 
rus. Open arrows indicate focus on adjacent supertor temporal 
gyrus. Lower channels derive from supra-Sylvian cortex and 
show no abnormality. A, Before methohexital, showing epilepti- 
form spikes against a background of normal activity. B, Before 


The foci could be delineated easily in patients given 
methohexital because of the activation of the epilep- 
tiform activity. This is demonstrated in Fig 1 taken 
from the EEG record of a patient undergoing metho- 
hexital activation. The pathologic discharge in B is 
shown in sharp relief as background activity subsides 
and as secondary foci disappear. A small epileptiform 
discharge that persists after the initial resection (Fig 
1,C) is absent following extension of the resection. In 
Fig 1 is shown how identification of interictal spikes 
and localization of the focus are enhanced. Similarly, 
sensory cortical-evoked responses were not sup- 
pressed and could be used to identify the postcentral 
gyrus. With this identification, the motor strip could 


- be delineated. Thus, in cases where the speech center 


resides in the opposite hemisphere (diagnosed by 
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excision, 2 minutes after methohexital, 150 mg, bolus. Spikes 
stand out (arrows) in relief as background activity is suppressed. 
Lower channels show burst-suppression pattern typical of bar- 
biturate effect on normal brain. C, After initial excision, indicated 
by hatched area, and rearrangement of electrode array. Re- 
maining abnormal spike is seen adjacent to posterior border of 
excision (closed arrow). D, Excision extended posterlorly, as 
indicated by black area. Tracing Is normal. 


preoperative testing) these areas can be identified 
with the patient asleep. 


Quality of Surgical Field 


Controlled respiration, hyperventilation, avoidance 
of hypoxia, and absence of straining or moving com- 
bined to provide optimal conditions for the neurosur- 
geon, aided resection, and, may have limited edema. 
In contrast, an awake patient having a seizure usually 
had a bulging, tense brain with visible petechiae. 


Anesthetic Complications 


The occurrence of generalized seizures in the awake 
patients created several potential hazards. Hypoxemia 
was frequently observed, the possibility of aspiration 
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caused anxiety, postictal patients were noncommun- 
icative, and occasional acid-base disturbances were 
observed. One patient’s seizure was temporally re- 
lated to injection of the local anesthetic. An increase 
in temperature requiring rectal acetaminophen was 
seen in two patients. 

These hazards were avoided in patients anesthe- 
tized with methohexital. All but two of these patients 
were easily extubated in the operating room. One of 
these two patients was a 3-year-old child who was 
kept intubated prophylactically. The other had a sei- 
zure on emergence and required continued intubation 
until this was controlled. 

Many patients exhibited the need for generous 
amounts of intravenous drugs, possibly related to a 
degree of hepatic microsomal enzyme induction con- 
sequent upon long-term anticonvulsant medication. 
This observation applies to non-depolarizing relax- 
ants as well as to sedatives. The same observation has 
been made in a similar group of patients by Messick 
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Fia 2. Outcome of surgery. Patients scored as described tn 
text. 


TABLE 
Postoperative Neurologic Deficits 
Boo Anesthetic technique = Age Outcome’ 
yr 
6 Methohexital (2nd 20 ob + 
operation) 
17 Methohexital (2nd 11 ++ 
operation) 
26 Awake (2nd oper- 29 eat Hemiparesis 
ation) 
28 Awake 33 ++ 
sive dysphasia 
29 Awake 40 + 


Deficit 


Hemtfacial weakness 


Hemiparesis, Improving 


Arm weakness, expres- 


Mild dysnomla, clearing 


et al (5), but the precise mechanism has not been 
elucidated. Despite close monitoring of the level of 
paralysis, movement of the patient during surgery 
was not uncommon, indicating the need for additional 
methohexital or relaxant as appropriate. Certain ma- 
neuvers were associated with a reaction, or would 
elicit a complaint in the awake patients. Occasionally 
the dura was sensitive, particularly around the middle 
meningeal vessels, and produced discomfort upon 
opening. The dura at the base of the skull at the site 
of bridging venous connections with the temporal 
lobe was also sometimes sensitive when cauterized. 
One patient complained of pain when the temporal 
lobe around a small temporal branch of the middle 
cerebral artery was resected. At no other time did a 
patient report discomfort during the actual cortical 
resection. 


Outcome 


Improvement of Seizures. The patients were judged 
as “markedly improved” if they had absent or infre- 
quent seizures on reduced medications. They were 
judged as “improved” if they had reduction of seizure 
frequency on a medical regimen. As shown in Fig 2, 
88% of the patients given methohexital were im- 
proved, with 64% having marked improvement and 
24% having some improvement. In “awake” patients, 
91% were improved with 64% having marked im- 
provement and 27% having some improvement. The 
differences in the success rates for the two groups 
were not significant. 

Neurologic Deficits. The numbers of patients with 
postoperative neurologic deficits are shown in Fig 2 
and described in the Table. The incidences of neu- 
rologic deficits were comparable in the two groups. 


Comments 


1st operation under general anesthesia unsuc- 
cessful; deficit created to secure Improvement 

1st operation curtalled to avoid production of 
neurologic deficit; selzures unabated; deficit 
created to secure improvement 

1st operation unsuccessful; area of excision ex- 
tended 

Porencephalic cyst removed; stormy postopera- 
tive course, required V-P shunt 

Old arteriovenous malformation; focus extended 
into speech area, excision curtailed 





* Key: +, Improved; ++, markedly improved. 
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Homonymous quadrantanopsia, an almost universal 
finding, was not included as a deficit. Only new motor 
weakness or speech difficulty was considered to con- 
stitute a neurologic deficit. In two patients deficits 
were deliberately produced to improve the patient’s 
epileptic status (patients 6 and 17). In patients 26 and 
29, operated on awake because of the location of their 
foci, deficits resulted because of the proximity of the 
focus to the sensorimotor area. Patient 29’s deficit is 
now almost completely resolved. Patient 28 did well 
initially but developed complications including 
subgaleal effusions, hydrocephalus, and depression. 
Of the five, his deficit was the only one not anticipated 
at surgery. 


Repeated Operations 


Data for three patients who underwent two proce- 
dures each are summarized in the Table. Their first 
operations were unsuccessful when surgery was lim- 
ited because of the proximity of the focus to the 
motor or speech area. 


Discussion 


Cortical resection has gained a secure and enlarging 
role in the treatment of selected patients with medi- 
cally refractory epilepsy. Conservatively, potential 
candidates comprise 10% of all patients with epilepsy. 
The surgical aim is to identify the total epileptogenic 
area so that the involved cortex can be removed as 
completely as possible without producing a new neu- 
rologic deficit. 

Our results suggest that patients requiring resection 
of epileptogenic cortical foci can be given the benefits 
of a general anesthetic when methohexital is used 
without impairment of intraoperative cortical map- 
ping. The 88% improvement following operation com- 
pares favorably both with the 67% reported by Van 
Buren et al. (3) in their summary of the literature and 
with the 91% improvement observed in our patients 
operated on while awake. 

It is difficult to relate the incidence of neurologic 
deficits to anesthetic technique because patients are 
treated differently, depending on the severity and 
location of their foci. Published results (6) include 
only deficits produced unexpectedly and exclude pa- 
tients with lesions near the sensorimotor strip. In our 
experience with 36 patients, only one such unexpected 
deficit resulted. 


Although methohexital is frequently used to acti- 
vate epileptic foci in diagnosis of temporal lobe psy- 
chomotor epilepsy (4, 7, 8), this is, to our knowledge, 
the first full description of its use both as an anesthetic 
and an activating agent. A similar technique is men- 
tioned by Rasmussen (6) but only for children. 

There are two reports (9, 10) of the successful use 
of enflurane for this dual purpose in two patients, but 
we believe methohexital to be superior because en- 
flurane has been reported to elicit frank seizures as 
well as EEG changes in otherwise normal individuals 
(11). This raises the possibility that the agent might 
cause serious diagnostic errors or confusion. 

The only contraindication to the use of methohex- 
ital general anesthesia, in our opinion, is the necessity 
for delineation of the speech area. Use of methohexital 
in the way we have outlined avoids the hazards of 
deliberate intraoperative awakening of the patient or 
the necessity for producing an awake but paralyzed 
and intubated patient. The disadvantages of operating 
for many hours on a poorly cooperative patient are 
circumvented without compromising accuracy. Thus, 
this technique offers the benefits to surgeon and 
patient of general anesthesia, while allowing accurate 
delineation of epileptic foci. 
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Postoperative Pain 
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Davie, |. T., SLAWSON, K. B., AND Burt, R. A. P.: A double-blind comparison of parenteral morphine, placebo, and oral 
fenoprofen in management of postoperative pain. Anesth Analg 1982;61:1002-5. 


A double-blind study comparing parenteral morphine, 8 mg, with parenteral placebo and with oral fenoprofen, 200 
mg, for the rellef of postoperative pain following outpatient surgery was undertaken in 90 patients. The study drugs 
were administered within 2 hours of the operation and the Visual Analogue Scale was used to assess pain Intensity. 
Patients given placebos showed minimal change in mean pain intensity, whereas patients who received morphine had 
significantly less pain at all assessment periods. Pain relief in patients who received fenoprofen was, for the first 2 
hours, better than following placebo but not as good as following morphine, but thereafter, there was no significant 
difference between the morphine and fenoprofen and both were significantly better than placebo. It ls concluded that 


oral analgesics may be a useful alternative to the traditional parenteral analgesics for outpatient surgery. 


Key Words: PAIN: postoperative; ANALGESICS: fenoprofen, morphine. 


DITIONALLY, relief of pain in the immediate 
postoperative period is provided by parenteral 
analgesics, usually one of the opioid derivatives. How- 
ever, with the increasing popularity of outpatient 
surgery (1), it is important that patients be free of 
pain following the operation yet be fit enough to 
return home and still be able to continue receiving 
analgesics should these be necessary. 

Fenoprofen is an arylacetic acid derivative which is 
thought to produce analgesia through inhibition of 
prostaglandin synthesis. This paper describes a dou- 
ble-blind study in which oral fenoprofen, 200 mg, 
was compared with parenteral morphine, 8 mg, and 
placebo using the Visual Analogue Scale (VAS) in 
hospital outpatients undergoing surgery. Before start- 
ing the double-blind study, a single-blind pilot as- 
sessment was undertaken and the results from this 
have been published (2). The present double-blind 
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study followed an almost identical protocol and in- 
corporated minor lessons learned from the pilot trial. 


Methods 


Ninety patients were enrolled in the study after the 
nature of the investigation had been explained to 
them and their consent had been obtained. All had 
minor surgery performed on an outpatient basis and 
were to be allowed to return home the same day, 
provided that they were accompanied. The patients 
had taken no drugs in the preceding 24 hours and 
received no preanesthetic medication. Intravenous 
thiopental was used for induction of anesthesia, which 
was maintained with nitrous oxide, oxygen, and hal- 
othane. No muscle relaxants were given and no par- 
enteral analgesic drugs were used to supplement an- 
esthesia. Following surgery, the patients were placed 
in an adjacent recovery area. When patients first 
complained of pain (in all cases within 2 hours of 
completion of surgery), they were interviewed by one 
of the authors and their pain intensity assessed: at the 
same time, the patients marked their pain intensity 
on a 10-cm VAS measuring from “no pain” to “pain 
as bad as could be.” 

Patients then received one of the three study drugs 
assigned in predetermined random order. The hos- 
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pital pharmacy supplied the morphine and saline 
injections in identical ampules and the commercially 
available form of fenoprofen, 200 mg, was used. 
Matching inert tablets were supplied by the Depart- 
ment of Pharmacy at the Heriot-Watt University, 
Edinburgh. The drugs were administered in the dou- 
ble-blind manner using the double-dummy technique 
so that each patient received an injection and a tablet. 
Thus, each patient received either: morphine, 8 mg, 
plus an inert tablet; fenoprofen, 200 mg, plus a saline 
injection; or a saline injection plus inert tablet. 

At hourly intervals for 6 hours patients made fur- 
ther assessments of pain intensity using the VAS. The 
scales were printed on the same record form so that 
the patients were able to see their previous marks and 
the same observer was present at all assessments. 
“Rescue” analgesics were given on request to any 
patient who failed to obtain adequate pain relief. No 
further interview was conducted for any patient who 
received the rescue analgesic and patients who re- 
ceived the rescue analgesic did not provide further 
analogue scores thereafter. 

For the purposes of statistical analysis, the last score 
recorded before administration of the rescue analgesic 
was repeated for each of the scheduled assessments 
that followed. This follows the method described by 
Houde and colleagues (3, 4). All observed or sponta- 
neously reported adverse drug reactions were re- 
corded. 


Results 


Patient characteristics are shown in Table 1. There 
were no significant differences between the treatment 
groups. 

Each treatment group comprised 30 patients with 








TABLE 1 
Patient Characteristics in Each Treatment Group 
Placebo Fenoprofen Mor- 
phine 
Sex 
Male 0 1 4 
Female 30 29 26 
Age (yr) 
Mean 34 36 35 
Range 23-69 21-63 20-69 
Body weight (kg) 
Mean 60.6 60.0 61.2 
Range 45.5-85.0 39.5-83.5 45-90 
Surgical procedure 
Laparoscopy 25 20 23 
Dilation and curettage 4 6 3 
Miscellaneous 1 4 4 





initial pain intensity assessed as moderate. The pa- 
tients who received placebo showed only minimal 
change in mean pain intensity over the 6 hours and 
those given morphine showed the greatest decrease 
in mean pain intensity (Table 2). After 1 and 2 hours, 
patients given morphine showed significantly greater 
improvement than the other two groups of patients 
(analysis of variance, p < 0.05). At the 1-hour assess- 
ment, patients given fenoprofen showed greater im- 
provement than those who received placebo, but only 
at the 2-hour assessment did this reach statistical 
significance ( p < 0.05). At the 3- to 6-hour assess- 
ments, there were no significant differences between 
the patients given morphine or fenoprofen (Figure) 
and the results in both groups of patients were sig- 
nificantly different from those observed in patients 
given placebos ( p < 0.05). 

Of the 90 patients 42 (47%) requested a rescue 
analgesic. More patients given placebo requested a 
rescue analgesic than did patients given morphine or 
fenoprofen, and this difference was statistically sig- 
nificant (analysis of variance, Arc sine transformation, 
p < 0.05), but the difference between patients who 
received morphine and fenoprofen was not signifi- 
cant. Twenty patients who received placebos re- 
quested additional analgesics before the 2-hour as- 
sessment was due, compared with eight patients given 
fenoprofen and three patients given morphine. These 
differences between placebo and active drug were 
statistically significant ( p < 0.05). Only two patients, 
one given morphine and one given fenoprofen, were 
asleep at one of the assessment periods (6 hours in 
both). Adverse reactions were recorded in nine pa- 
tients (Table 2). 


Discussion 


The reliability of the Visual Analogue Scale for 
measurement of postoperative pain has been de- 
scribed (5~7), and the results of this double-blind 
study showed that in our hands the method was 
sufficiently sensitive to demonstrate differences be- 
tween placebo and morphine and fenoprofen in a 
comparison involving small numbers of patients. 

At the 1-hour assessment, patients given fenopro- 
fen had a mean pain intensity less than that reported 
by patients given placebos but greater than that re- 
ported by those given morphine. This finding may be 
explained by the different rates of absorption of par- 
enteral and orally administered drugs. 

Our first study (2) showed that few patients have 
mild pain following the type of surgery we studied, 
so in the present study enrollment was limited to 
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ANALGESIA: MORPHINE, FENOPROFEN, PLACEBO 


TABLE .2 
Treatment in Patients with Moderate Pain 
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Placebo Fenoprofen Morphine 
No. of patients 30 30 30 
Pain intensity VAS * 
Inttlal 47.3 + 1.66 46.6 + 2.21 50.0 + 2.24 
1 hr §1.0 + 3.22 38.9 + 3.97 24.9 + 2.90T 
2hr 46.7 + 3.60 32.9 + 4.83ł 18.8 + 3.717 
3 hr 47.0 + 3.44 28.3 + 5.09T 16.4 + 3.56T 
4hr 45.9 + 3.76 26.7 + 5.18f 16.5 + 3.51f 
5 hr 45.9 + 3.76 25.4 + 5.31f 15.3 + 3.527 
6 hr 45.3 + 3.90 24.9 + 5.37t 14.7 + 3.52T 
No. of patients who received a rescue analgesic 24 11+ 7T 
Adverse reactions: no. of patients who complained (some 3 2 4 
complained of more than one reaction) 
Complaints 
Nausea 1 — 3 
Vomiting 3 2 2 


* Values are means + SEM. Abbreviation used is: VAS, Visual Analogue Scale. 


t Significantly different (p < 0.05) from placebo. 


t Significantly different (p < 0.05) from morphine and placebo. 
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FIGURE. Moan paln intensity scores for patients with initial mod- 
erate pain. *Significantiy different (p < 0.05) from placebo. 
+Significantly different (p < 0.05) from morphine and placebo. 


patients who experienced moderate pain. Only 30% 
‘of the patients who received placebo in the double- 
blind study had a reduction in pain intensity of 10% 
or more on the VAS. This low placebo response might 
indicate that this clinical model provides a particularly 
sensitive method of assessment of relative analgesic 
potency. 

The nature of the surgical procedures undertaken 
on an outpatient basis in the present study meant that 
most patients would be women, but the small number 
of men was surprising. As the male patients had met 
the criteria for enrollment and entered the study, it 
did not seem justified to exclude them a posteriori. A 
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subsidiary analysis of variance performed on the data 
from female patients alone showed no change in the 
mean pain intensity scores in patients given fenopro- 
fen (one man). Mean pain intensity scores in female 
patients who received morphine (four men) were 
approximately one point higher at each assessment, 
but this did not affect the statistical significance of the 
difference between the patient groups. None of the 
male patients given morphine requested a rescue 
analgesic or reported an adverse reaction. The male 
patient who received fenoprofen was given additional 
analgesia 1 hour later. 

In conclusion, this study of outpatients complaining 
of moderate pain after minor surgery has shown that 
fenoprofen, 200 mg, was as effective as morphine, 8 
mg, and that both active drugs were significantly more 
effective than placebo ( p < 0.05). Only nine patients 
reported adverse reactions and these could have re- 
sulted from the general anesthesia rather than the 
study drugs. In a recent study, Forrest (8) has shown 
that zomepirac, 100 and 200 mg, another analgesic 
that inhibits prostaglandin synthetase, was as effective 
as morphine, 8 mg, in treating postsurgical pain. 
However, the study of Forrest differed from ours in 
that the drugs were not given until approximately 20 
hours after surgery, whereas in our present study, 
drugs were given within 2 hours of surgery. 
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Enflurane Blood-Gas Solubility: Influence of Weight 


and Hemoglobin 
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BOREL, J. D., BENTLEY, J. B., VAUGHAN, R. W., AND GANDOLFI, A. J.: Enflurane blood-gas solubility: influence of weight 
and hemoglobin. Anesth Analg 1982;61:1006-9. 


The blood-gas partition coefficient of enflurane was measured in nine nonobese and eight morbidly obese patients 
and correlated with weight, body mass index, and blood hemoglobin. The enflurane blood-gas partition coefficient 
was lower in the obese patients than in nonobese patients (mean + SEM: 2.03 + 0.02 versus 1.76 + 0.03, 
respectively, p < 0.025). There was a negative correlation between enflurane blood solubility and both body mass 
index and weight (r = —0.59 and —0.55, respectively, p < 0.01). A positive correlation was found between hemoglobin 
and the enflurane blood-gas partition coefficlent (r = 0.69, p < 0.01). Equilibrium between inspired and alveolar 
enfilurane concentration should be faster In morbidly obese and anemic patients than in healthy, nonobese patients. 


Key Words: ANESTHETICS, Volatile: enfiurane; BLOOD: hemoglobin; COMPLICATIONS: obesity; SOLUBILITY: 


blood-gas partition coefficient, enflurane. 


ECENTLY, we compared the disposition of en- 

flurane in obese and nonobese subjects and 
found that arterial blood levels of enflurane rose faster 
in our obese patients (2), Attempting to explain this 
finding we preliminarily determined the enflurane 
blood-gas partition coefficient in a group of obese 
and nonobese patients and found values of 0.99 and 
1.42, respectively. Although these determinations 
were lower than the commonly quoted value of 1.8 to 
1.9 (3, 4), they are similar to the enflurane blood-gas 
partition coefficient of 1.3 reported by Fiserova-Ber- 
gerova and Holaday (5). 

In contrast, Munson et al (6), studying 12 healthy 
male volunteers, observed an enflurane blood-gas 
partition coefficient of 1.92. The variation in blood- 
gas solubility coefficients for enflurane in these re- 
ports contrasts with the lack of variation in the blood- 
gas partition coefficient of halothane, which always 
has been reported as approximately 2.4 (7). The pur- 
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pose of this study was to redetermine the blood-gas 
partition coefficient of enflurane using methods that 
gave a blood-gas partition coefficient of halothane of 
approximately 2.4. Because of our previous findings, 
we also analyzed the influence of weight and body 
mass index [BMI = weight (kilograms)/height’ (me- 
ters)} on the blood-gas solubility of enflurane. In 
addition, hemoglobin and enflurane blood-gas solu- 
bility were correlated as a positive correlation has 
been reported between hemoglobin and the blood- 
gas solubility of fluroxene, halothane, and methoxy- 
flurane (8). 


Methods 


Initially, six nonobese patients were studied in the 
halothane group, and subsequently, nine nonobese 
and eight obese healthy adults undergoing elective 
surgery were studied as members of the enflurane 
group. Approval for this study was obtained from the 
Human Subjects Committee at the University of Ar- 
izona Health Sciences Center. All obese patients had 
a BMI (9) greater than 30 and a body weight at least 
2 times ideal weight. All patients were A.S.A. class I 
or II. Patients were premedicated with diazepam (5 to 
10 mg, orally) 120 minutes before and glycopyrrolate 
(0.2 mg IM) 90 minutes before induction of anesthe- 
sia. Each subject fasted for at least 8 hours before 
surgery. 


BS 
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For in vitro determinations of the blood-gas parti- 
tion coefficient, a heparinized venous whole blood 
sample was obtained from each patient immediately 
before induction of anesthesia. A 2-ml aliquot of each 
blood sample was placed in a 30-ml Erlenmeyer flask 
equipped with a screw cap and Teflon-coated septum 
top. This provision allowed access to the flask’s con- 
tents by syringe and needle. Liquid enflurane (3.5 to 
4.0 pl) or halothane (2.0 to 2.5 pl) was then added to 
each flask to yield a gas phase concentration of 2.0% 
to 2.5% enflurane or 1.0% to 1.5% halothane. Each 
flask was then vented by piercing the septum with a 
hollow needle to equilibrate with atmospheric pres- 
sure and then shaken in a 37°C warm room for 3 
hours to allow equilibration of anesthetic between gas 
and liquid phases. This duration of equilibration was 
found to be optimum and provides reproducible data. 
Flasks were then briefly revented to the atmosphere 
and shaken for another hour. Aliquots (2.5 ml) of the 
head space were withdrawn by gas-tight syringes and 
analyzed for enflurane concentration by gas chroma- 
tography utilizing a Varian 1440 gas chromatograph 
equipped with a SE 30 column and thermal conduc- 
tivity detection. A 1-ml blood sample was simulta- 
neously drawn and extracted with 2 ml of water- 
saturated n-heptane in 2-dram vials equipped with 
Teflon cap liners. The vials were shaken for 5 minutes 
and were allowed to set for 10 minutes, and an aliquot 
(100 ul) of the heptane layer was analyzed for anes- 
thetic concentrations by gas chromatography. Extrac- 
tion of enflurane from whole blood by this process 
has been shown to be in excess of 98% (10). Both gas 
and liquid phases anesthetic concentrations were de- 
termined in duplicate. 

Gas chromatographic peak areas were compared 
with those of gas and n-heptane standards analyzed 
in identical fashion to determine enflurane concentra- 
tion. Primary standards (+1% accuracy) of enflurane 
and halothane in nitrogen were purchased from Ohio 
Medical Products. Liquid heptane standards were 


made by adding a known volume of liquid anesthetic 
into a known volume of n-heptane. The blood-gas 
partition coefficient was calculated as anesthetic con- 
centration (micromolar) in the liquid phase divided 
by the anesthetic concentration (micromolar) in the 
gas phase at 760 torr. All determinations are reported 
as means + SEM. 

Student’s t-test was used for group comparisons, 
whereas linear correlation analyzed the influence of 
weight, BMI, and hemoglobin on the blood-gas par- 
tition coefficient of enflurane. Statistical significance 
was defined as p < 0.05. 


Results 


Initially, we found low halothane partition coeffi- 
cients (2.0) using our previously described method 
(2). However, using the above method, which allows 
more extensive mixing and better equilibration of the 
anesthetic between the gaseous and blood phases, a 
halothane blood-gas partition coefficient of 2.45 + 
0.02 was found for six nonobese patients. Subse- 
quently, we found a blood-gas partition coefficient 
for enflurane of 2.03 in nine nonobese patients as 
opposed to 1.76 in eight obese patients (Table, p < 
0.025). The blood-gas solubility of halothane was not 
determined in these latter patients. The overall mean 
blood-gas partition coefficient of enflurane for both 
lean and obese patients was 1.84 + 0.2. . 

Age and hemoglobin levels were similar in obese 
and nonobese patients given enflurane; height, 
weight, and BMI were, however, significantly differ- 
ent (Table). A negative correlation (p < 0.01) was 
found between the blood-gas partition coefficient of 
enflurane and both weight (r = —0.55) and BMI (r = 
—0.59) (Figure). In contrast, a positive correlation was 
found between hemoglobin and the blood-gas parti- 
tion coefficient of enflurane (r = 0.69, p < 0.01) 
(Figure). Weight did not correlate with hemoglobin 


levels. 











TABLE 
Patlent Characteristics and Enflurane Blood-Gas Partition Coefficients (B/G A)* 
No. of Body mass 
Group patients Age Hemoglobin Height} Weight index Enflurane B/G At 
yr g/dl cm kg 
Nonobese 9 42 t2 14.0 + 0.2 175.9 + 0.8 74241 23 4 0.3 2.03 + 0.02 
Obese 8 36 t1 13.3 40.2 163.4 ż 0.5 108 + 1 4i 40.5 1.76 + 0.03 
* Values are means + SEM. 
+t p<0.001. 
tp < 0.025. 
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FIGURE. Linear correlations of enflurane blood-gas partition 
coefticient with body mass index (BMI), weight (kilograms), and 
hemoglobin (grams per deciliter). 


Discussion 


The blood-gas partition coefficient of enflurane in 
the obese patients was 1.76, whereas in the nonobese 
patients a value of 2.03 was obtained. As the methods 
used to determine these values also yielded a value 
for halothane in agreement with the vast number of 
determinations already reported in the literature, the 
values obtained for enflurane are probably accurate. 
Thus, our findings confirm those of Munson et al (6), 
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who reported a mean enflurane blood-gas solubility 
of 1.92. 

The lower enflurane blood-gas partition coefficient 
previously reported by our group (2) was likely in 
error as subsequent investigation demonstrated that 
low halothane blood gas partition values were ob- 
tained utilizing the same methods. As a result, our 
method of determining blood-gas paritition coeffi- 
cients was changed. Anesthetic equilibrium between 
gas and blood was extended to 3 hours. Also gas 
standards were purchased rather than prepared in our 
laboratory. With these changes, commonly accepted 
values for the blood-gas partition coefficient of halo- 
thane were obtained, 

The blood-gas partition coefficient of enflurane was 
significantly lower in obese patients than in lean 
patients. This finding confirms our previous report 
(2), but is surprising as the blood-gas solubility of 
halothane appears to be positively correlated with 
increasing weight (11). The latter probably occurs 
because the blood solubility of halothane is positively 
correlated with blood levels of triglycerides (12), cho- 
lesterol (13), and total lipids (13), each of which may 
be elevated in obesity (14). Similar studies with en- 
flurane have not been performed. Nevertheless, logi- 
cally similar positive correlations between these blood 
components and enflurane blood solubility should 
increase rather than decrease the enflurane blood-gas 
partition coefficient of enflurane in morbidly obese 
patients. 

Thus, obese patients must have change in blood 
components other than triglycerides, cholesterol, and 
total lipids to account for our findings. Increasing 
weight is associated with decreased concentration of 
high density lipoprotein. Although undocumented, 
quantitative alterations in other serum protein frac- 
tions may occur in obese patients, which could lower 
the blood-gas solubility of enflurane in these patients. 
Clearly, further investigation analyzing the relation- 
ship between various blood components, weight, and 
the enflurane blood-gas. partition coefficient are re- 
quired. 

In contrast to weight, increasing concentrations of 
hemoglobin were associated in this study with in- 
creasing enflurane blood-gas solubility. This has also 
been shown to be true for fluroxene, halothane, and 
methoxyflurane (8). This finding is important as large 
changes in enflurane solubility (range 1.52 to 2.26) 
were found as hemoglobin levels varied between 10.0 
and 16.2. These hemoglobin values are encountered 
clinically and could be expected to influence anes- 
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thetic uptake in concert with alterations in enflurane 
blood-gas solubility. 

In summary, this study showed that the blood-gas 
partition coefficient of enflurane is lower in obese 
than in nonobese patients, correlates positively with 
hemoglobin, and is in overall agreement with the 
traditionally stated values of 1.8 to 1.9 despite reports 
in the literature to the contrary. Equilibrium between 
inspired and alveolar enflurane concentrations should 
be achieved more rapidly in both morbidly obese and 
anemic patients than in nonobese patients with nor- 
mal hemoglobin concentrations. 
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A control system that malntains mean arterlal pressure (MAP) at 
a desired level by automatically controlling halothane Input has 
been developed. The control system’is a discrete, digital type 
and is implemented with a small desk-top programmable calcu- 
lator. Essentially, if MAP decreases, the inspired concentration 
of halothane will decrease; if MAP increases, the system will 
compensate by Increasing [Inspired halothane concentration. 
The control system was tested in two ways: with a hybrid 
computer model of uptake and distribution of halothane and with 
dog experiments. The results indicate that (a) the model can be 
used to predict the response of the animal-anesthesia machine 
control system, and (6) the proposed algorithm is successful In 
controlling one anesthetic agent with one physiologic variable. 


Key Words: EQUIPMENT: servo systems; MONITORING: blood 
pressure; ANESTHETICS, Volatile: halothane; BLOOD PRES- 
SURE: servo systems. 
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Automatic control systems will probably help im- 
prove the safety of anesthesia, as well as help anes- 
thesiologists with boring tasks. Several workers have 
successfully controlled the administration of a single 
agent with a single physiologic variable: thiopental or 
cyclopropane with electroencephalograms (EEG) 
(1-4); halothane with heart rate (5); halothane (6, 7), 
norepinephrine (8), or nitroprusside (9) (Slate JB. 
Model-based design of a controller for infusing so- 
dium nitroprusside during post surgical hypertension. 
PhD thesis. University of Wisconsin, Madison, WI, 
1980.) with arterial pressure; muscle relaxants with 
muscle twitch (7); and ventilation with CO» (7, 10). 
These systems have generally used analog controllers 
based on proportional-, integral-, and derivative-con- 
trol laws. 

This report describes the use of a discrete digital- 
control (DDC) system. The delivered concentration 
of halothane was controlled automatically to maintain 
mean arterial blood pressure (MAP) at a desired level 
by using a discrete time-optimal control algorithm. 
We also demonstrated the feasibility of using a hy- 
brid-computer model of the uptake and distribution 
of halothane in the testing of the control algorithm, 
thus minimizing preliminary animal experiments. 


Methods 


Two sets of experiments were conducted. First, we 
performed a computer simulation of the proposed 
animal experiments, in which a hybrid-computer 
multiple model of the uptake and distribution of 
halothane (11, 12) substituted for a dog and an anes- 
thesia machine. In the other set, the MAP of each of 
six dogs was kept at a desired level by automatically 
controlling the delivered concentration of halothane. 


Control Algorithm 


Essentially, the DDC averages blood pressure for a 
set interval (T), which is 20 seconds in the present 
system. It reviews the five previous consecutive inter- 
vals, takes into account the MAP and inspired halo- 
thane concentration (H)) for each interval, and decides 
on the inspired concentration for the next interval. 
One can set the desired pressure (set point pressure) 


we 
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to any reasonable level, and the system will admin- 
ister the appropriate amount of halothane to maintain 
that set point under the given circumstances. Thus, if 
a disturbance such as surgical incision or hemorrhage 
occurs, the system should change inspired halothane 
concentration appropriately. The following describes 
the control algorithm used to effect the above. The 
same control algorithm was used for both sets of 
experiments. Discrete sampled values of past input 
(halothane) and output (MAP) variables are used as 
the input to the control system. 

A sampled value, R(—nT), at n previous sampling 
times is described by 

-nT 
R(—nT) = MAP dt 


—(n+1)T 


where MAP = mean arterial pressure and T = 20 
seconds. 

The averaged pressure, MAP(~nT), between 
—(n + 1)T and ~nT may be given by 


MAP(—nT) = A 


from which the error, E(—nT), between the averaged 
pressure, MAP(—nT), and the desired pressure, 
DP(—nT), at n previous sampling times is described 
by 


E(—nT) = MAP(—nT) — DP(—nT) 


The integral of the error, I{—nT), at n previous 
sampling times is 


I(—nT) = T{MAP (—nT) — DP(—nT)} + 1{-(n + 1)T} 


The control formula to determine the delivered 
halothane concentration is expressed by 
5 


HO = X (HCT) + bET) + K (iT) 
where H(—nT) (for n = 0, 1, ... 5) = the delivered 
halothane concentrations, and aj, b and Kı are con- 
stants. 

This formula states that the five most recent halo- 
thane concentrations, pressure errors, and values of 
integrated pressure error are used to determine the 
next delivered halothane concentration. The device 
adjusts the delivered halothane concentration to bring 
the pressure to the desired level as rapidly as possible. 

We estimated the coefficients a;i and b; (i = 1, 2, 
...5) on a digital computer. Based on the experimen- 
tal data obtained by Smith and Schwede (6), the 
discrete transfer function between inspired halothane 
concentration and mean arterial pressure was esti- 


mated by the Steiglitz algorithm (13), a discrete time- 
optimal control algorithm, with n = 5 and T = 20 
seconds. 


Computer Simulation 


Before we performed closed-loop control experi- 
ments in dogs, we simulated the experiments on a 
computer to test the performance of the proposed 
control system. A hybrid computer multiple model 
for the uptake and distribution of halothane (11, 12) 
was used to substitute for the dog and the anesthesia 
machine, with the control system inserted. To test the 
stability and rapidity of the system response, we 
introduced several types of step changes into the 
model: (a) arterial pressure set point, (b) systemic 
vascular resistance, and (c) myocardial contractility. 
The first step was designed to determine how rapidly 
the system could respond to the anesthetist’s com- 
mand, the second two steps to determine the response 
to simulated causes of rapid changes in blood pressure 
such as might be anticipated with surgical incision, 
sudden hemorrhage, or inadvertent administration of 
a vasodilator. 


Experiments in Dogs 


Encouraged by the model’s success, and armed with 
coefficients that we knew were “close,” we performed 
closed-loop experiments with mongrel dogs. Anesthe- 
sia was induced and maintained with halothane-oxy- 
gen only in six dogs weighing 21.2 to 26.5 kg. Rectal 
temperature and end-tidal CO2 were measured and 
maintained at normal levels (37.5 to 39.0°C and 32 to 
34 torr, respectively), the former with a heat lamp, 
and the latter with controlled ventilation via an en- 
dotracheal tube. 

A schematic diagram of the basic closed-loop ex- 
perimental setup is given in Fig 1. The delivered 





Fia 1. Schematic diagram of closed-loop contro] system for 
dog experiments. 
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concentration of halothane was precisely regulated by 
an electronically controlled needle valve, which de- 
termined the flow rate of Oz through a constant- 
temperature vaporizer (Ohio Medical Products DM- 
5000) and thus determined the delivered halothane 
concentration. The control signal regulated the needle 
position of the valve via an electrically controlled box, 
Gases from the anesthesia machine passed into a 0.5- 
L rubber bag and then into a Harvard (non-rebreath- 
ing) ventilator. All connecting tubings were kept as 
short as possible to minimize gas transit times. Arte- 
rial pressure was measured via a catheter inserted 
percutaneously into the femoral artery and connected 
to a Statham P 37 continuous-flush transducer. The 
signal was meaned in two ways—continuously with 
electronic meaning, and every interval (T) so that a 
voltage equivalent to the MAP was produced every 
20 seconds. The latter was accomplished by integrat- 
ing and resetting the blood pressure signal every 20 
seconds, thereby giving a voltage proportional to 
MAP. The output of the integrator was sampled and 
passed into a Hewlett-Packard 9810A programmable 
calculator via a homemade analog-to-digital con- 
verter. The calculator was then used as the digital 
controller. The control signal (via digital-to-analog 
conversion from the calculator) was fed into the con- 
trol box, which in turn regulated the valve opening 
and closing, and thus regulated the delivered halo- 
thane concentration. 

We introduced several types of disturbances to test 
the control system performance: (a) a step change in 
the arterial pressure set point, (b) an infusion of 
phenylephrine (46 to 92 g/min), (c) an infusion of 
nitroglycerin (184 to 368 ug/min), and (d) the intro- 
duction of two to three breaths of amy! nitrite into 
the ventilator. The last three were done only to ac- 
quire a preliminary estimation of the performance 
and stability of the system. 

The first disturbance was used in a more formal 
trial. For it, we told the machine to change set point 
from 80 to 50 torr and, after a suitable steady state, 
back to 80 torr. For each step change, there were four 
performance criteria: (a) rapidity of change (time to 
90% of final value), (b) magnitude of overshoot, (c) 
time to attain within 2 torr or better of the set point 
for 1 continuous minute (settling time), and (d) the 
closeness with which the set point was maintained for 
5 continuous minutes (stability). 

All information was recorded on a Hewlett-Packard 
strip-chart recorder. The information included contin- 
uous (filtered) MAP, magnified continuous MAP, 
magnified discrete MAP, and inspired halothane con- 


1012 


ANESTHESIA AND ANALGESIA 
Vol 61, No 12, December 1982 


centration. The 90% rise time, overshoot, time to +2 
torr for 1 minute, and the integrated error for 5 
minutes were extracted from the strip chart. The 
integrated error was calculated as the sum of the’ 
absolute errors from the set point as measured every 
20 seconds. We could read to the nearest 0.2 torr. 


Results 


The tests run with the hybrid model revealed that 
the control algorithm performed well in the “average” 
dog, although they did suggest that relatively small 
changes in the condition of the animal, such as vari- 
ations in blood volume, would produce instability in 
the control system. The ability to adjust to changes in 
state is important in a device that is to control anes- 
thesia in a large variety of patients under a large 
variety of circumstances without the need for time- 
consuming adjustments by the anesthesiologist. The 
computer simulation for step changes in mean arterial 
blood pressure set point (70 to 50 torr and back to 70 
torr) is shown in Fig 2. 

Arterial pressure reached the desired level in ap- 
proximately 5 minutes, then overshot and returned 
gradually to the desired level. A preliminary experi- 
ment in which the arterial blood pressure set point 
was changed from 75 to 50 mm Hg and back to 75 
mm Hg is shown in Fig 3. This test is comparable to 
the test performed in the model (Fig 2), as are the 
results. The pressure decreased to 50 mm Hg in 
approximately 8 minutes, with no overshoot, and 
increased to 75 mm Hg in approximately 10 minutes. 
The coefficients used were the same for both the dog 
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Fic 2. Results of hybrid computer simulation of step changes 
in arterial-pressure set point. Initially, simulated pressure is at 
set point of 70 mm Hg. When set point Is changed to 50 mm Hg, 
control system automatically adjusts halothane Input to reduce 
pressure to that level. As desired arterial pressure is changed 
back to 70 mm Hg, control system reacts accordingly. 
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and the hybrid model, with only the gain constants 
changed to take into account the individual animal of 
the experiment, as opposed to the average dog of the 
model. The performance of the controller during the 
step tests is summarized in the Table. 

The reaction of the dog and control system to a 46 
g/min continuous infusion of phenylephrine is 
shown in Fig 4. The control system compensates for 
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FiG 3. Results of canine experiment in which arterial pressure 
set point was changed from 75 to 50 mm Hg and back to 75 mm 
Hg. This test and results are comparable to computer simulation 
in Fig 2. Control system coefficients are the same in both cases, 
except for one gain constant (K’). 


TABLE 


Response of Controller to Steps from 80 to 50 or 50 to 80 
Torr Mean Arterial Pressure (MAP)* 





Decreasing MAP Increasing MAP 





Time to 90% (sec) 211.5 + 41.5 199.0 + 25.7 

Overshoot (%) ~14.5 + 11.3 17.4 + 10.2 

Settling time (sec) 435.0 + 257.9 474.7 + 170.3 
(+2 torr for 1 min) 

Stability for 5 min 416.4 + 117.1 425.3 + 266.5 


(torr sec) 
emilee aaaeeeaa ara O OO a rT 
* Values are means t SD. 
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Fig 4. Effect of 46 ug/min continuous infusion of phenyleph- 
rine. Increase in arterial pressure is compensated for by control 
system, which increases level of halothane input. 
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Fic 5. Dog and control system reaction to sudden transient 
decrease in arterial pressure caused by introduction of two 
breaths of amyl nitrite into the ventilator. Control system reacts 
to sudden decrease by turning off halothane, thereby bringing 
pressure back to desired level much faster than if anesthetic 
level had remained constant. 
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FiG 6. Response to continuous infusion of 368 ug/min of nitro- 
glycerin (TNG). Control system reacts to sustained decrease in 
arterial pressure by reducing halothane input sufficiently to 
compensate for it. 


the increase in MAP by increasing the delivered hal- 
othane concentration. At no time, after preliminary 
setup, did we enter a value for halothane. The control 
algorithm predicts the needed level by the animal’s 
reaction to previous values. The effect of a sudden 
transient decrease in pressure induced by two breaths 
of amyl nitrite introduced into the ventilator is shown 
in Fig 5. This represents a bolus injection of a drug, 
in contrast to the continuous infusion demonstrated 
in Fig 4. The control system reacts almost immediately 
to the pressure decrease by discontinuing halothane, 
and then resumes administration of halothane when 
the arterial pressure increases sufficiently. 

The response to a rapid decrease in arterial pressure 
during a continuous infusion of nitroglycerin at a rate 
of 368 ug/min is shown in Fig 6. The compensation 
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by the control system is again rapid and is maintained 
until the infusion is discontinued. 


Discussion 


Automatic control of delivered halothane concen- 
tration has been developed to maintain arterial blood 
pressure at a desired level. Our results indicate several 
important points: (a) Digital and sampled-data control 
techniques can be used to develop a useful digital 
controller. (b) A computer model of anesthetic uptake 
and distribution can be used to test the control algo- 
rithm and thereby reduce the number of preliminary 
animal experiments. The main function of the hybrid 
computer model was to determine whether the coef- 
ficients obtained from the digital computer would 
effect useful control. Having determined that this was 
so, we fine-tuned the coefficients to achieve optimal 
control. (c) The present automatic control was per- 
formed with a desk-top calculator having significant 
constraints as to memory and computation capabili- 
ties. This indicates that a special-purpose micropro- 
cessor system can be developed, thereby significantly 
decreasing the cost of this control system. Such an 
inexpensive and small control system can easily be 
made part of the anesthesia machine. 

Why did we not use conventional control theory to 
effect our control algorithm? There are several advan- 
tages of the DDC over a conventional analog ap- 
proach. These include the easier implementation of 
multivariable control, sequential control (for start-up, 
shutdown, or emergency operation), adaptive control, 
and overall supervisory control. We recognize, for 
example, that a single variable could not be used to 
control halothane concentration, as there are multiple 
causes for changes in arterial pressure which might 
require an action other than altering halothane con- 
centration. An advanced anesthesia control system, 
our ultimate goal, would use many variables, such as 
blood pressure, end-tidal anesthetic, and CO; concen- 
trations to control the anesthetic agents, drugs, and 
fluids, as well as ventilation, in order to keep physi- 
ologic variables such as cardiovascular, respiratory, 
central nervous system, and neuromuscular variables 
at desired levels. Direct-digital control may be a pow- 
erful approach to establish such an advanced system. 

Our DDC is unique in at least one respect. It is the 
only system to use both the control and the controlled 
variable to effect control. In other words, it not only 
uses MAP it also uses halothane concentration in 
deciding what concentration to use over the next time 
period. This allows us to follow the concentration of 
halothane producing the current and past values of 
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blood pressure and thus to select the next concentra- 
tion more accurately. In addition, the use of the last 
five intervals in the control algorithm is a rather 
nontraditional approach. In essence, this approach 
substitutes for the integral term in the conventional 
proportional-integral-derivative type of control sys- 
tem. In the latter, the integral contains information of 
past events. 

There are many reasons for using arterial pressure 
as a control variable. It is relatively easy to measure. 
Methodology for measuring MAP has vastly im- 
proved over the past decade, particularly with regard 
to accuracy and reliability. In uncomplicated cases, it 
reflects the depth of anesthesia with halothane (6, 14). 
Many anesthetists use blood pressure to help decide 
the inspired concentration of halothane. For example, 
if blood pressure decreases, the anesthetist often de- 
creases the inspired concentration of halothane. The 
present system can help keep MAP within a narrow, 
desired range. 

This system is potentially useful in several situa- 
tions. Hypertension can cause problems in patients 
with coronary artery disease, and halothane is often 
used to help decrease blood pressure. Furthermore, 
with most agents, the anesthetist will increase the 
depth of anesthesia if it is felt that light anesthesia is 
causing hypertension. If blood pressure were to in- 
crease sharply, as for example following tracheal in- 
tubation or surgical incision, with the present system 
halothane would be adjusted rapidly to compensate 
for the increase in pressure, yet would taper off when 
the stimulus disappeared or diminished. Similarly, if 
a particularly stimulating portion of surgery was tak- 
ing place, the concentration of halothane would in- 
crease appropriately. During the less stimulating por- 
tions of the operation, the concentration would be 
lower, again appropriately. Conversely, if arterial 
pressure were to decrease suddenly, as during brisk 
hemorrhage or vagal stimulation, the system would 
respond in the most appropriate fashion—by shutting 
off the halothane. It should be pointed out that the 
system responds not only to a change in pressure, but 
also to how rapidly the pressure changes. Thus, a 
sudden decrease in pressure is more cause for alarm 
and vigorous response than is a gradual change. 

The control system performed within clinical ex- 
pectations, although comparison with other anesthetic 
control systems is difficult as our methods of testing 
have not been used before with clinical controi sys- 
tems, and our control variables have rarely been used. 
Particularly significant, however, is the fact that once 
the gains are properly set, the system does not oscil- 


TECHNICAL COMMUNICATION 


late, even with a sudden decrease or increase in 
pressure. Yet it still manages to effect a rapid response 
to rapid changes in pressure. In other words, it re- 
sponds optimally to changes in pressure. A quickly 
responding control system is important, because rapid 
changes can occur in MAP, and equally rapid adjust- 
ment is essential. The present system is continually 
observing the blood pressure and can usually respond 
more quickly than can most anesthetists. 

At least three problems exist with the present sys- 
tem. Currently, the system is only usable in patients 
in whom direct, continuous arterial pressure is being 
measured. However, new devices for noninvasive, 
beat-to-beat measurement of blood pressure will soon 
be available (15). These will increase the number of 
patients in whom the system will be useful. Accurate 
MAP measurement is, of course, mandatory. How- 
ever, let us consider the consequences of an inaccurate 
pressure. If pressure reads artifactually too low, hal- 
othane will be shut down or off. This is an alarm 
condition, and the anesthetist will be alerted. The 
cause is usually a small clot in the cannula. This can 
be, and should be, prevented by a continuous flush 
system. Rarely does MAP read too high artifactually. 
The circumstances under which that could occur 
would include poor calibration technique, a drifting 
amplifier, or raising the operating table in relation to 
the transducer. The first can be prevented by reason- 
ably careful technique, the latter by attaching the 
transducer to the table. If significant hypertension or 
hypotension occurs, or if the MAP is changing rap- 
idly, the system can alarm to alert the anesthetist, 
who may be concentrating on other aspects of the 
anesthetic management. 

Several system gains must be set to achieve an 
optimal response. These gains vary from animal to 
animal and as conditions change. For example, a 
change in ventilation is tantamount to changing the 
internal gains of the animal, and the system gains 
must be reset. For a final, clinically useful system, an 
adaptive system is necessary, that is, one that can 
adapt to a given animal and then change its gain in 
response to changing conditions. The DDC described 
should help achieve an adaptive system. 

In summary, we have. described a discrete-digital 
feed back control system for controlling the concen- 
tration of halothane with mean arterial blood pres- 


sure. The use of DDC represents a significant im- 
provement over previous control systems. However, 
several improvements must be incorporated before 
the system is ready for routine use in patient care. 
These include alarms, fail-safe devices, adaptive con- 
trol, and multivariable control. This paper has de- 
scribed a first step toward this system and to the 
multivariable system described above. 
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Hydralazine for 
Controlled Hypotension 
during Neurosurgical 
Operations 
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Robert F. Bedford, MDF 


Controlled hypotension is often used during neu- 
rosurgical procedures to reduce operative blood loss 
or to prevent rupture of cerebral aneurysms. Sodium 
nitroprusside is probably the most frequently used 
hypotensive agent despite several undesirable char- 
acteristics which include: cyanide toxicity (1), tachy- 
phylaxis (2), highly variable dose response (3), re- 
bound hypertension (4), changes in venous admixture 
(5), and technical difficulties created by the need for 
light-protected solutions and precision infusion sys- 
tems. Because of these problems we initiated a search 
for an alternative technique. This report summarizes 
our experience using intravenous hydralazine during 
low-dose enflurane anesthesia for providing con- 
trolled hypotension during neurovascular procedures 
in a group of eight patients. 

As vasodilators such as hydralazine have been 
found to increase intracranial pressure (ICP) in pa- 
tients with severe brain injuries (6), we also examined 
the effects of hydralazine on ICP when used for 
control of intraoperative arterial hypertension in a 
second group of eight patients undergoing craniotomy 
for excision of supratentorial tumors. 
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Methods 
Part 1 


Seven patients (28 to 63 years of age) undergoing 
elective craniotomy for clipping of cerebral aneu- 
rysms and one patient (27 years of age) undergoing 
excision of an arteriovenous malformation were stud- 
ied both before, during, and after controlled intra- 
operative hypotension. The study was approved by 
the local human studies committee. Seven patients 
were A.S.A. physical status II or II; one patient was 
A.S.A. class IV. With the exception of two patients 
who had preexisting hypertension, all subjects were 
free of significant cardiopulmonary disease, and clas- 
sification of patients in A.S.A. classes II and IV was 
related only to the recent onset of neurologic symp- 
toms. 

Radial arterial and thermistor-tipped pulmonary 
arterial catheters were placed percutaneously under 
pressure waveform control and electrocardiogram 
lead IJ was monitored. Heart rate, radial arterial, 
pulmonary arterial, and central venous pressures were 
continuously transduced (Bentley model 800 trans- 
ducers) and recorded (Brush model 440 recorder). 
Cardiac output was determined in triplicate by the 
thermodilution technique (Edwards model 9520A 
computer) using a 10-ml bolus injection of room 
temperature 5% dextrose in water. Body surface area 
was determined from standard nomograms for height 
and weight. Arterial and mixed venous blood samples 
were drawn anaerobically and analyzed for pH, gas 
tensions, and oxygen content using a Corning model 
175 automatic blood gas and pH system corrected for 
patient’s temperature and hemoglobin values. De- 
rived cardiovascular variables and venous admixture 
were calculated using standard formulas. 

Four patients were alert before surgery and received 
morphine sulfate, 0.1 mg/kg IM, and glycopyrrolate, 
0.2 mg IM, as premedication. The remaining four 
patients were somnolent before surgery and were 
brought to the operating room without premedication. 
Anesthesia was induced with sodium thiopental, 3 to 
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5 mg/kg IV, and lidocaine, 1.5 mg/kg IV, and tracheal 
intubation was facilitated with a combination of in- 
travenous pancuronium (0.05 mg/kg) and d-tubocu- 
rarine’ (0.15 mg/kg). Anesthesia was maintained with 
nitrous oxide (60 to 70% in oxygen), morphine (0.3 
mg/kg IV), and low inspired concentrations of en- 
flurane (0.7% + 0.2% [SE]). Ventilation was controlled 
to maintain arterial Poco, between 27 and 32 torr. All 
operations were performed with patients in the supine 
position. 

Hypotension was induced and maintained with 
intravenous injections of hydralazine, 5 to 10 mg, 
given every 5 minutes until the desired level of hy- 
potension was achieved. The inspired concentration 
of enflurane was also increased to 1.1% + 0.3% (SE) 
during the hypotensive period. Target mean arterial 
pressures during induced hypotension were 55 to 65 
torr in patients without a previous history of hyper- 
tension and 75 torr in the two patients with a history 
of hypertension. Intravascular volume was maintained 
near preoperative values by infusion of crystalloid 
solutions or whole blood sufficient to maintain con- 
stant right atrial and pulmonary capillary wedge pres- 
sures. Once the surgeon achieved control of the aneu- 
rysm or vascular malformation, no further hydrala- 
zine was given, enflurane was discontinued, and an- 
esthesia was maintained only with nitrous oxide in 
oxygen while blood pressure was allowed to return to 
prehypotensive levels. Blood pressure was monitored 
for evidence of rebound hypertension during the 
remainder of the operation and for 1 hour after sur- 
gery in the surgical intensive care unit. 

Hemodynamic responses were measured and arte- 
rial and mixed venous blood samples were drawn (a) 
during surgical dissection before induction of hypo- 
tension, (b) after controlled hypotension was estab- 
lished, (c) after blood pressure was allowed to return 
toward prehypotensive levels. 

Data obtained during and after controlled hypoten- 
sion were compared with prehypotension values by 
analysis of variance and least significant difference 
testing. p < 0.05 was regarded as statistically signifi- 
cant. 


Part 2 


The effect of intravenous hydralazine on ICP in 
patients with compromised intracranial compliance 
was studied in eight additional patients undergoing 
excision of supratentorial tumors. A subarachnoid 
bolt and radial arterial cannula were placed before 
surgery under local anesthesia and pressures were 
continuously transduced and recorded. Anesthesia 


was induced as described above and maintained with 
N2O (70% in oxygen) and morphine, 0.3 mg/kg IV. 
Tracheal intubation was facilitated with pancuronium, 
0.1 mg/kg IV, and ventilation was controlled (Paco2 
28 to 34 torr). When arterial hypertension occurred 
during scalp dissection, each patient received a single 
dose of hydralazine , 10 to 30 mg IV, depending on 
the magnitude of hypertension observed. Peak 
changes in mean arterial pressure and ICP were tab- 
ulated from the calibrated strip-chart records in the 
period from 5 to 10 minutes after hydralazine was 
given. Statistical comparisons were performed using 
Student’s t-test for paired data. p < 0.05 was regarded 
as statistically significant. 


Results 
Part 1 


During neurovascular operations the combination 
of hydralazine and enflurane produced adequate re- 
ductions in arterial pressure and satisfactory surgical 
conditions in all eight patients. Six patients required 
only one dose of hydralazine to reach target levels of 
blood pressure. In these patients, mean time from 
injection of hydralazine to stable hypotension was 5.8 
+ 2.0 (SD) minutes. The two remaining patients re- 
quired, respectively, two and three doses of hydrala- 
zine before hypotension was achieved, with a delay 
of 14 and 21 minutes between the first hydralazine 
injection and the time stable hypotension was 
achieved. The duration of hypotension varied from 5 
to 87 minutes, depending on surgical requirements. 
The mean time to achieve prehypotensive blood pres- 
sure after enflurane and hydralazine were discontin- 
ued was 20.8 + 5.7 (SD) minutes. The total dose of 
hydralazine administered ranged from 5 to 45 mg 
(mean = 17 mg). | 

The hemodynamic findings during cerebrovascular 
operations are summarized in the Table. Controlled 
hypotension was characterized by a significant reduc- 
tion in systemic vascular resistance, whereas cardiac 
index, stroke volume, heart rate, and cardiac preload 
remained stable. Values for Pao,, pH, and calculated 
venous admixture were unchanged during controlled 
hypotension. After termination of controlled hypo- 
tension, there was no further requirement for vaso- 
active agents, and no evidence of rebound hyperten- 
sion was found in any patient. Mean arterial pressure 
during the first postoperative hour was 97 + 10 (SD) 


_ torr. 


Part 2 
The observed changes in ICP and mean arterial 
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TABLE cardiovascular response, without “mountain and val- 
Hemodynamic Changes during Hydralazineinduced ley” blood pressure records, without evidence of ar- 
nyperension:: : terial hypoxemia, and without rebound hypertension. 
Ree Abe erR 5 Tea E Thus, although nitroprusside is currently the agent 
most frequently used for inducing controlled hypo- 
MAP 93 + 3.3 63 + 2.47 85 + 3.8 tension, we found that use of hydralazine and enflur- 
ie Po : oe a. 5 es 3 aa ane avoided many of the problems that we and others 
PCWP 75406 79408 83407 (1-5) have encountered during the use of nitroprus- 
Cl 2.4 +0.2 2.8 + 0.3 3.0 + 0.4 side. 
SVR 1722 +135 10074114¢ 13444 217 The hemodynamic measurements during con- 
HR 79 + 68.6 86 + 5.9 83 t 6.3 trolled hypotension in the present study reflect the 
| Pe i a a ri ap n 4 pa combined effects of both hydralazine and enflurane 
QA/QT 14440 13 +2 17 + 3.0 on the cardiovascular system. The primary cause of 
pH 7.55 +0.02 7.55 +0.01 7.55 + 0.01 arterial hypotension was a marked reduction in sys- 


* Values are means + SE. Abbreviations used are: MAP, 
mean arterial pressure (torr); RAP, right atrial pressure (torr); 
PAP, mean pulmonary artery pressure (torr); PCWP, pulmonary 
capillary wedge pressure (torr); Cl, cardiac index (L/min/m?); 
SVR, systemic vascular resistance (dyne-sec-cm°); HR, heart 
rate (beats/min); SVI, stroke volume Index (mi/m*); SWI, stroke 
work index (g-m/m*); QA/QT, venous admixture (% cardiac 
output). 

t p < 0.05 versus prehypotension value. 


temic vascular resistance. The resultant reduction in 
afterload, in turn, probably minimized the negative 
inotropic effects of enflurane anesthesia (8). Thus, 
cardiac index and stroke-volume remained remarka- 
bly constant during controlled hypotension, whereas 


I5Q 
pressure in the eight patients with brain tumors are 140 
shown in the Figure. Within 10 minutes of giving 130 
hydralazine, ICP increased in four patients, decreased 
in one patient, and remained essentially unchanged — 120 
in the remaining three patients. No patient required oO 
any measures to reduce ICP after hydralazine was g 2 ne 
given and the mean change in ICP values was not ~ 100 
statistically significant. 

90 

Discussion 80 
These data indicate that intravenous hydralazine 

affords a simple, smooth, and effective technique for 10 
achieving controlled hypotension during enflurane 
anesthesia. Enflurane is an integral part of this tech- 
nique for several reasons: (a) it probably potentiates 22 
the hypotensive effect of hydralazine in a manner 20 
similar to its potentiating effect on nitroprusside (7), 
(b) increased inspired concentrations of enflurane at is 
the beginning of controlled hypotension probably ~ 
shorten the time to onset of hypotension; and (c) if E = I6 
blood pressure had decreased to less than target levels — * [4 — 
after hydralazine, enflurane could have been discon- 
tinued and excessive hypotension avoided. However, 12 
it was never necessary to decrease the inspired en- IO — 


flurane concentration once hypotension was initiated, 
and stable hypotension could be maintained easily 
with repeated hydralazine doses. The primary clinical 
advantage of this technique is the smooth, gradual 
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FIGURE. -Effect of hydralazine on ICP and mean arterial pressure 
in hypertensive patients with brain tumors. 
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stroke work index decreased with the reduction in 
arterial pressure. 

Hydralazine should be used with caution in patients 
with compromised intracranial compliance. Although 
we found relatively small changes in ICP after hy- 
dralazine in hyperventilated patients with brain tu- 
mors, much larger increases in ICP have been found 
when patients with diffuse cerebral injury and im- 
paired autoregulation were given hydralazine to con- 
trol neurogenic hypertension (6). Like nitroprusside 
(9) and nitroglycerin (10), hydralazine should be with- 
held from patients with intracranial pathology until 
either the dura is opened or until an ICP monitor has 
been inserted so that appropriate measures can be 
taken to control ICP, if necessary. 

In summary, we have found that hydralazine, given 


during enflurane anesthesia, is a simple, smooth, pre- 


dictable, nontoxic technique for producing controlled 
hypotension during neurovascular operations. We be- 
lieve it is an attractive alternative to other currently 
available hypotensive techniques and is worthy of 
further evaluation. 


10. 


. Vesey 
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Convulsions: An Unusual 
Response to Intravenous 
Fentanyl Administration 


Tadikonda L. K. Rao, MD,* 
Nagaprasadarao Mummaneni, MD,7 and 
Adel A. El-Etr, MD 


Intravenous fentanyl in doses of 100 to 150 pg/kg 
are today being used in cardiac anesthesia (1). The 
popularity of this technique has been due in part to 
stability of the cardiovascular system during induc- 
tion of anesthesia and to suppression of stress re- 
sponses to surgery (2, 3). The few complications 
associated with fentanyl-oxygen anesthesia include 
chest rigidity during induction of anesthesia (4, 5) and 
awareness and recall of the intraoperative events (6) 
in the postoperative period. Recently we encountered 
five cases of generalized seizures during the rapid 
intravenous administration of fentanyl and we report 
two of these cases. 


Case Reports 


Case 1 


A 56-year-old man, weighing 57 kg, was scheduled for 
elective double aortocoronary reverse saphenous vein graft- 
ing. Past history was unremarkable except for angina. He 
had no history of transient cerebral ischemic attacks or 
generalized or localized seizure disorders. He was taking 
propranolol, 40 mg, every 6 hours for angina. Laboratory 
data were within normal limits. One hour before surgery, 
the patient was premedicated with 8 mg of morphine sulfate 
intramuscularly and 10 mg of diazepam orally. Under local 
anesthesia, two peripheral veins, a radial artery, and the 
right internal jugular vein were cannulated. A triple-lumen, 
thermistor-tipped pulmonary arterial catheter was posi- 
tioned before induction of anesthesia. Arterial blood gas 
tensions during spontaneous breathing of room air in supine 
position were within normal limits. A well fitting face mask 
was applied to the face and 100% oxygen was administered 
through a semiclosed circle system with 5 L/min oxygen 
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flow. An infusion of 120 ml of fentanyl! (50 pg/ml) was 
begun. Following 20 ml of fentanyl in 30 seconds and 
assisted ventilation with 100% oxygen throughout, to 
achieve rapid unconciousness, it was decided to give a 30- 
ml bolus injection of fentanyl (50 pg/ml) into the intrave- 
nous infusion close to the patient. Within 45 seconds the 
patient developed generalized convulsions similar to grand 
mal seizures and arterial blood pressure increased to 170/ 
90 torr. Succinylcholine (100 mg) was administered intra- 
venously to facilitate ventilation and tracheal intubation. A 
heparinized arterial blood sample drawn immediately fol- 
lowing intubation had a pH of 7.43, Poo, 43 torr, Po, 424 
torr, and normal electrolyte values. Anesthetic and post- 
operative course was uneventful and an electroencephalo- 
gram performed in the immediate postoperative period was 
normal. 


Case 2 


A 47~year-old white man, weighing 80 kg, was scheduled 
for triple coronary artery bypass grafting. The patient had 
no significant medical history except for angina, which was 
controlled with propranolol, 60 mg, every 6 hours. Labora- 
tory data were within normal limits. The patient was pre- 
medicated with morphine sulfate, 10 mg IM. and diazepam, 
10 mg, orally 1 hour before the anticipated time of surgery. 
Following placement of monitoring equipment as in the 
first case, lorazepam, 2 mg, was administered intravenously. 
Anesthesia was induced with infusion of 2500 pg of fen- 
tanyl. To achieve rapid unconsciousness, another 1500 pg 
of fentanyl was rapidly injected into the intravenous infu- 
sion over a period of 20 seconds. Within 20 seconds follow- 
ing completion of bolus fentanyl injection, the patient de- 
veloped generalized convulsions. By this time, the patient 
had received a total of 45 ml of fentanyl (50 pg/ml). 
Immediately 150 mg of thiopental and 100 mg of succinyl- 
choline were administered intravenously to facilitate venti- 
lation and intubation and to antagonize the convulsions. 
Hemodynamic parameters remained stable and arterial 
blood gas tensions immediately after endotracheal intuba- 
tion were normal. Intraoperative and postoperative course 
was uneventful and an electroencephalogram performed in 
the immediate postoperative period was normal. During the 
convulsions, which occurred immediately following bolus 
injection of fentanyl, an arterial blood sample had a plasma 
level of fentanyl of 620 ng/ml. 

In the other three cases the events were similar, with 
convulsions occurring immediately following a bolus injec- 
tion of 20 to 30 ml (50 ug/m)) of fentanyl. There was no 
history of convulsive disorders in any of these patients and 
findings from the postoperative electroencephalograms 
were normal. 


Discussion 
Although high-dose fentanyl-oxygen anesthesia 
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has only recently been introduced in cardiac anesthe- 
sia, it has become popular because of hemodynamic 
stability during induction of anesthesia as well as 
during laryngoscopy and intubation (1). However, 
with accumulation of experience, various undesirable 
side effects have been attributed to fentanyl-oxygen 
anesthesia, including rigidity during induction of an- 
esthesia (5), hypertension secondary to surgical stim- 
ulus (2), and awareness and recall (6). 

As it has been shown that rapid administration of 
fentanyl at a rate of 50 ug/kg in 60 seconds is asso- 
ciated with minimal hemodynamic alterations (7), we 
decided to administer 20 to 30 ml of undiluted fen- 
tanyl as a bolus dose into the venous infusion to 
deepen the anesthesia in unparalyzed patients. This 
resulted in convulsions in all five patients in whom 
this was done. 

All narcotics, when administered in large enough 
doses, produce severe convulsions (8). The EDso of 
intravenous fentanyl for deep surgical anesthesia in 
dogs is 0.025 mg/kg (EDso dsa). The EDso dose that 
produces severe convulsions is 4 mg/kg (EDso sc) (8). 
From these two two values, a security index has been 
proposed, EDsosc/EDs0 asa. The safety margin be- 
tween the anesthetic dose and convulsive dose in- 
creases with increase in security index number. For 
fentanyl, the security index is 160 in dogs. However, 
in the canine experiments in which the security index 
was found to be 160, the fentanyl (4 mg/kg) was given 
slowly; the plasma value of fentanyl that produces 
convulsions was not determined. 

During pharmacokinetic studies of fentanyl, rapid 
intravenous administration of 30 ug/kg of fentanyl to 
anesthetized and paralyzed patients resulted in a 
plasma fentanyl concentration of 320 ng/ml in 30 
seconds (9). However, in one of our patients weighing 
58 kg, slow intravenous administration of 25 ml of 
fentanyl (50 ug/ml) followed by a bolus of 30 ml of 
intravenous. fentanyl (also 50 pg/ml) resulted in a 


plasma concentration of 620 ng/ml and the onset of 
convulsions. Probably similar plasma fentanyl levels 
were achieved in the other four patients who also 
developed seizures. 

All five patients had 10 mg of oral diazepam ap- 
proximately 1 hour before induction of anesthesia. 
Two of these five patients, in addition to diazepam, 
also received 2 mg of lorazepam intravenously before 
the induction of anesthesia. Thus, oral pretreatment 
with diazepam and/or intravenous lorazepam may 
not inhibit or prevent convulsions produced by high 
plasma fentanyl levels. 

In conclusion, rapid intravenous administration of 
fentanyl to provide rapid loss of conciousness, al- 
though not associated with significant hemodynamic 
changes, may produce convulsions that may not be 
attenuated with premedicant doses of diazepam or 
lorazepam. 


REFERENCES 


1. Stanley TH, Webster LR. Anesthetic requirements and cardio- 
vascular effects of fentanyl-oxygen and fentany!-diazepam-ox- 
ygen anesthesia in man. Anesth Analg 1978;57:411-6. 

2. Waller JL, Hug CC Jr, Nagle DM, Craver JM. Hemodynamic 
changes during fentanyl-oxygen anesthesia for aortocoronary 

operation. Anesthesiology 1981;55:212~-7, 

3. Sebel PS, Bovill JB, Schellekens APM, Hawker CD. Hormonal 
responses to high dose fentanyl anesthesia. Br J Anaesth 
1981;53:941~8, 

4, Corssen G, Domino EF, Sweet RB. Neuroleptanalgesia and 
anesthesia. Anesth Analg 1964;58:390-5. 

5. Comstock MK, Samman FL, Carter JG, et al. Rigidity and 
hypercarbia on fentanyl-oxygen induction. Anesthesiology 
1979;51:528. 

6. Mummaneni N, Rao TLK, Montoya A. Awareness and recall 
with high-dose fentanyl-oxygen anesthesia. Anesth Analg 
1980;59:948-9, 

7. Kentor ML, Schwalb AJ, Liberman RW. Rapid high dose 
fentanyl induction for CABG. Anesthesiology 1980;53:595. 

8. De Castro J, De Water AV, Wouters L, et al. Comparative 
study of cardiovascular, neurological and metabolic side effects 
of eight narcotics in dogs. Acta Anaesthesiol Belg 1979;30:7~ 
99, 

9. Schleimer R, Benjamini E, Eisele J, Henderson G. Pharmaco- 
kinetics of fentanyl as determined by radioimmunoassay. Clin 
Pharmacol 1978;24:188-94. 


ANESTHESIA AND ANALGESIA 
Vol 61, No 12, December 1982 


1021 


ANESTH ANA 
1982;61:1022-3 


Lumbar Epidural 
Anesthesia in a Patient 
with Multiple Sclerosis 


Thomas M. Warren, MD,* 
Sanjay Datta, MD,7 and 
Gerard W. Ostheimer, MDT 


Although spinal anesthesia has been implicated in 
postoperative exacerbation of multiple sclerosis (1, 2), 
no adverse effects have been reported in the relatively 
few patients in whom epidural anesthesia has been 
used (2, 3). The following is a case report of a patient 
with multiple sclerosis in whom a lumbar epidural 
block was performed on two separate occasions. Mi- 
nor exacerbations of her. disease state were noted 
following each epidural block. 


Case Report 


Anesthetic A. In 1977, a gravida 2, para 1, 21 year old 
was admitted in early labor with an intrauterine pregnancy 
of 32 weeks. Past history revealed that multiple sclerosis 
has been diagnosed in 1974. Signs and symptoms at the 
time of the original diagnosis were loss of bladder control, 
numbness in the thighs, and leg weakness. She was free of 
symptoms during her pregnancy and had no neurologic 
complaints or abnormal neurologic findings when she was 
seen in labor. She was afebrile at admission and throughout 
her peripartum course. During the period of active labor, a 
lumbar epidural catheter was inserted at the L2-3 interspace. 
A 2-ml test dose of 0.5% bupivacaine was administered, 
followed at 5 minutes by 8 ml of 3% 2-chloroprocaine, 
which resulted in analgesia extending from T-10 to S-5, 
Rapid progression of labor occurred, and a 32-weeks’ ges- 
tation fetus was delivered vaginally 30 minutes later. One 
hour after delivery, the block had completely resolved. 
Eighteen hours later, she noticed an area of numbness on 
her inner right thigh. On examination, the only neurologic 
abnormality was a 10 cm x 15 cm area of hypesthesia on 
the medial aspect of her right thigh. Over the next 3 days 
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the area became anesthetic and enlarged to include the 
entire medial thigh from the groin to just above the knee. 
Over the next 7 days she had gradual and complete return 
of sensory function. 

Anesthetic B. In 1981 the same patient was admitted in 
premature labor with an intrauterine pregnancy of 28 
weeks. Past obstetric history was significant for vaginal 
delivery in 1979 of a fetus of 23 weeks’ gestation which later 
died of respiratory failure. No anesthesia was administered. 
Neurologic history since 1977 was positive for occasional 
episodes of right thigh numbness lasting 1 to 2 months. The 
most recent episode occurred during the fourth gestational 
month and lasted 6 weeks, At the time of this admission 
she was free of symptoms and without any discernible 
neurologic deficit. Labor could not be inhibited with ter- 
butaline and so pelvic delivery was anticipated. She was 
afebrile and had been so throughout her peripartum course. 
A lumbar epidural catheter was easily inserted at the L3-4 
interspace. A total of 55 ml of 0.5% bupivacaine was admin- 
istered for pain relief during the next 9 hours, The catheter 
eventually became displaced, and another was inserted at 
the L2-3 interspace. Over the next 5 hours, a total of 26 ml 
of 0.5% bupivacaine was administered. At this time, a 
breech presentation was confirmed and a cesarean delivery 
was planned. A T-6 sensory level was achieved with 21 ml 
of 0.75% bupivacaine. Following delivery, general anesthesia 
was induced with thiopental and succinylcholine due to 
persistent discomfort and apprehension. Nitrous oxide, 
morphine, and diazepam were used for maintenance of 
anesthesia. In the recovery room the patient noted tingling 
in her inner right thigh; she still had significant motor 
blockade in both lower extremities. The motor block com- 
pletely disappeared, but the tingling persisted. When ex- 
amined 12 hours after delivery, she had an area of hypes- 
thesia on her inner right thigh, which was similar in distri- 
bution to the area affected in 1977. The rest of her neuro- 
logic examination was normal. The area never became 
anesthetic. The numbness and tingling persisted for 7 
weeks, after which complete sensory function returned. 


Discussion 


Multiple sclerosis is a demyelinating disease of the 
brain and spinal cord which is characterized by ex- 
acerbations and remissions over 20 or more years. 
Various factors, such as infection, emotional trauma, 
injury, and pregnancy are associated with relapses (4). 
More than half of the relapses associated with preg- 
nancy occur in the postpartum period (5). This may 
be related to emotional and/or physical exhaustion 
(6). 

Surgery and general anesthesia are also implicated 
in postoperative exacerbation of multiple sclerosis (7, 
8). Baskett and Armstrong (8) suggested that barbi- 
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turates are associated with relapse of the disease. 
Other investigators, however, have failed to demon- 
strate such a relationship with barbiturates or any 
other general anesthetic agent (2, 9, 10). Hyperpyrexia, 
even of a minor degree, appears to be an important 
factor associated with exacerbation of multiple scle- 
rosis in the perioperative period (9, 11). 

The mechanism by which spinal anesthesia may 
exacerbate multiple sclerosis is unknown. Diagnostic 
lumbar puncture alone does not appear to induce 
relapses (12). Local anesthetic neurotoxicity, there- 
fore, must be considered. Peripheral nerve blocks are 
not associated with exacerbations (2). However, the 
lack of a protective nerve sheath around the spinal 
cord and the associated demyelination may render 
the spinal cord more susceptible to the potential 
neurotoxic effects of local anesthetics. Recent reports 
(13) have suggested that chloroprocaine may be neu- 
rotoxic, and this agent was used on one occasion in 
this patient. 

Epidural anesthesia may be less of a risk than spinal 
anesthesia, because the concentration of local anes- 
thetic in the white matter of the spinal cord is 3 to 4 
times higher following spinal as compared to epidural 
administration (1.37 ug/mg versus 0.4 pg/mg) (14, 
15). Following multiple epidural reinforcement doses, 
however, the concentration of local anesthetic in the 
spinal cord may exceed some critical concentration. 
Signs of multiple sclerosis exacerbation might then 
occur. 

The possible role of epidural anesthesia in the 
exacerbation of multiple sclerosis in this patient is not 
clear. On the first occasion the epidural anesthesia 
had completely resolved before the relapse. This sug- 
gests that the anesthetic might not have been respon- 
sible for the exacerbation. On the second occasion, a 
total of 562.5 mg of bupivacaine was administered 
over a period of 15 hours, and signs of altered sen- 
sation persisted for 7 weeks. This large dose of bu- 
pivacaine, administered extradurally, may have re- 
sulted in significant diffusion into the cerebrospinal 
fluid and into the spinal cord and may have exceeded 
some critical concentration above which neuronal 


tissue is more susceptible to histotoxic responses to 
local anesthetics because of demyelination. On the 
other hand, other factors unassociated with bupiva- 
caine cannot be ruled out. 

In view of the known advantages of epidural anes- 
thesia for labor and delivery, and as long as the 
patient is made aware of the risk/benefit factors and 
agrees to its use, there should be no absolute contrain- 
dication to the use of epidural anesthesia in patients 
with multiple sclerosis. This is especially true in the 
high risk pregnancy (e.g., prematurity, diabetes mel- 
litus, cardiac disease) where epidural anesthesia is 
strongly indicated. 
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Duplication and 
Fragmentation in 
Publications 


To the Editor: 

Anesthesiology recently published 
an important study on the effects of 
epidural morphine by Bromage et al 
(1). To my great surprise I find the 


same study by the same authors pub- — 


lished the same month in Anesthesia 
and Analgesia (2). The “Materials and 
Methods” and “Results” sections are 
nearly identical in the two papers 
(they should be as it is the same 
study). Different aspects are stressed 
in the two discussions. As the titles 
indicate, rostral spread of the epidural 
morphine is discussed in more detail 
in Anesthesiology, the nonrespiratory 
side effects in Anesthesia and Anal- 
gesia. Lengthening of the discussion 
by one page in one paper should 
make the other paper unnecessary. 

The authors even (a) refer to the 
Anesthesiology paper in the Anesthe- 
sia and Analgesia paper, and (b) in- 
dicate that the respiratory side effects 
from the study are going to be pub- 
lished in a third (!) paper. The latter 
suggests unnecessary fragmentation 
of information, whereas the first two 
articles are not even that. Publishing 
the same morphine concentrations in 
a table in one journal and as a figure 
in the other does not make them dif- 
ferent studies. 

How can the authors defend the 
submission of the first two papers 
with the signed statement (which I 
assume they sent to both fournals) 
declaring that the manuscript has not 
been submitted for publication in 
whole or in part elsewhere? Even a 
brief look at the two abstracts would 
cause one to question this. Is the need 
for a long publication list so impor- 
tant that such duplication (and frag- 
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letters 


TO THE EDITOR 


mentation to follow) of otherwise 
good scientific material is warranted? 
Following the precedent estab- 
lished by these authors, I submit this 
letter to the editors of both journals. 


Petter Andreas Steen, MD 
Department of Anesthesiology 
Ulleval Hospital 

Oslo, Norway 
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To the Editor: 


Weare grateful for the opportunity 
to reply to Steen’s allegations of de- 
liberate duplication and fractionation 
of our morphine study. 

Our earlier laboratory studies (1) 
with the more lipid-soluble narcotics, 
hydromorphone and methadone, had 
led us to some rather sanguine con- 
clusions that could not be extrapo- 
lated to other agents with different 
physiochemical characteristics, These 
investigations on ourselves had given 
us first-hand insight into the behavior 
of methadone and hydromorphone, 
and we concluded that segmental 
spread was indeed limited. Even with 
high epidural administration at the 
first thoracic interspace, hypalgesia 
stopped at C-2 and did not extend 
into trigeminal territory. Side effects 
were minimal. None of us had diffi- 
culty passing urine after epidural ad- 
ministration, and CQOs-response 
curves were less depressed after epi- 
dural than after intravenous admin- 
istration. In short, our findings fitted 
the hypothesis of limited segmental 
spread that most of us optimistically 
believed at that time. 

At the outset of the subsequent 
morphine study (with approximately 
equianalgesic doses), it was immedi- 


ately apparent that the pattern of 
events was dramatically different, 
quite complex, and urgently impor- 
tant from a clinical point of view. At 
the conclusion of the morphine study 
we were faced with a mass of data 
generated from more than 500 hours 
of direct observation and measure- 
ment. The material fell naturally into 
two parts, both of which contained 
unique and novel information that 
had been collected in a fashion that 
was not likely to be easily repeated 
by others because of the sheer rigor 
and discomfort demanded of both the 
volunteers and the observers. The 
first half of these data concerned ros- 
tral spread, and this seemed to be a 
new and complete story in itself. The 
side effects, which initially contained 
an incomplete summary of our res- 
piratory data, formed a voluminous 
second half. Our observations and 
conclusions about the side effects 
were dramatically different from our 
own earlier conceptions, and in con- 
flict with much of the published ma- 
terial available at that time. We be- 
lieved, and still maintain, that all this 
new material was too extensive to 
compress into a single paper without 
losing much of its force and immedi- 
acy in the process. Unfortunately, our 
respiratory data were not fully re- 
duced {and this work is still not fully 
processed at the time of writing), and 
the reviewer of our second paper re- 
quested that these incomplete respi- 
ratory data be either expanded or de- 
leted. We felt the latter course was 
more prudent in view of the difficul- 
ties we were experiencing in agreeing 
on the correct statistical treatment of 
the respiratory material. Thus, the pa- 
per on side effects lost some of its 
most important content, and the final 
version was less complete than we 
had intended. 

We appreciate and share Steen’s 
concern about fragmentation and du- 
plication of data, and most of us are 
aware of the insidious and widely 
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indulged temptations of the “LPU” or 
Least Publishable Unit, recently aired 
in Science (2). However, we can as- 
sure Steen that the two principal in- 
vestigators of the papers in question 
are busy men, with better things to 
do with their limited time. In fact, 
events involving relocation of some 
of our research group have caused 
inordinate delays in publishing our 
complete respiratory findings. We 
hope that when this material is finally 
published Steen will have gained suf- 
ficient insight into the whole problem 
to be less judgmental. 
Philip R. Bromage, MB, BS, 
FFARCS 
Department of Anesthesiology 
University of Colorado 
Health Sciences Center 
Denver, CO 80262 
Enrico M. Camporesi, MD 
Department of Anesthesiology 
Duke University Medical 
Center 
Durham, NC 27710 
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Experimental 
Hypoxia in 
Normal Patients 


To the Editor: 


In the recent paper by Knill et al 
(1), healthy, surgical patients were de- 
liberately exposed to oxygen levels 
that were reduced so as to produce an 
end-tidal oxygen concentration of 
6.5%, This corresponds to a PAo, 
value of roughly 45 torr which in the 
presence of even minimal venous ad- 
mixture would yield a Pao, value of 
approximately 40 torr, 

This level of oxygenation is sub- 
normal and, if not absolutely danger- 
ous, is certainly associated with a re- 
duced margin of safety which is in- 
consistent with optimal care. 

Three issues are raised: First, why 
did the investigators feel it necessary 
to deliberately make anesthetized 
surgical patients hypoxemic? If it was 
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crucial to have this wide a range of 
Pao, values for instrument calibra- 
tion perhaps the authors themsélves 
should have been the subjects for the 
lower oxygen concentrations. Second, 
how do you truly inform a lay person 
as to the physiologic reality of a Pao, 
value of 40 torr, i.e., its meaning in 
terms of arterial and venous oxygen 
content, necessity for an increased 
cardiac output to maintain oxygen de- 
livery, and the impact of anesthesia 
on the ability of the body to compen- 
sate? Third, what was behind the de- 
cision of the editorial board to publish 
results of such a study? 


Lawrence J. Saidman, MD 

Department of Anesthesiology 

University of California 
Medical Center 

San Diego, CA 
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To the Editor: 

The purpose of this research was 
to assess the accuracy and reliability 
of two noninvasive monitors of arte- 
rial oxygenation during inhalational 
anesthesia in humans. In evaluating 
the potential benefits and the poten- 
tial risks of the hypoxic testing aspect 
of the study, my colleagues and I 
considered the following points: 

1. Clinical signs of moderate hy- 
poxemia seem unreliable during in- 
halation anesthesia, especially in the 
absence of visible freshly shed blood 
(1). We considered it important to 
assess the performance of instru- 
ments designed to monitor indices of 
arterial oxygenation continuously and 
noninvasively and to do so with sub- 
jects rendered briefly hypoxemic un- 
der controlled conditions. 

2. The reliability of these instru- 
ments cannot be inferred from obser- 
vations made in awake subjects, as 
anesthesia usually alters variables 
which in themselves can affect per- 
formance of these instruments, e.g., 
skin perfusion, blood pH, and skin 
temperature. 

3. Controlled decreasing of arterial 
oxygen tensions has been practiced in 
physiologic and pharmacologic stud- 
ies of human volunteers for many 
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years. Normal subjects have been ren- 
dered hypoxemic while awake, dur- 
ing natural sleep, while at altitude, 
during exercise, and while exposed to 
numerous drugs—including hypnot- 
ics and narcotics. The ventilatory re- 
sponse to hypoxemia is tested in 
many clinical pulmonary function 
laboratories. This considerable expe- 
rience indicates that when hypoxemia 
(a) is induced progressively while 
controlling alveolar Pco,, (b) is moni- 
tored closely, and (c) is limited to the 
moderate level and the short duration 
used in our study (lowest Po, value 
maintained for less than 1 minute), 
there is virtually no risk of permanent 
adverse effect in healthy subjects 
studied in a wide variety of condi- 
tions. Indeed, lower oxygen tensions 
than those used in our study are nec- 
essary for hypoxic encephalographic 
changes to become evident and con- 
siderably lower tensions have been 
induced for much longer periods of 
time without apparent permanent 
complication (2-5). 

4. Does inhalation anesthesia in- 
crease the risk of a brief period of 
moderate hypoxemia? Before this 
study, we had carefully induced mod- 
erate hypoxemia in approximately 70 
anesthetized volunteers without de- 
tectable adverse effects (6-12). (It 
could be argued that on the basis of 
the effect of mild hypercarbia on the 
appearance of the hypoxic electroen- 
cephalogram (5), and the effects of 
halogenated anesthetics on cerebral 
blood flow and oxygen consumption, 
anesthesia in our subjects would in- 
crease the margin of safety. However, 
arguments of this nature are overly 
simplistic.) 

The third and fourth points above 
represent the essential information 
given to potential volunteers concern- 
ing the “reality” of hypoxic testing. 
No attempt was made to speculate 
with volunteers about various oxygen 
tensions and contents and compen- 
satory mechanisms. Subjects under- 
stood that they were participating in 
an experiment. 

Assessment of the risk/benefit ra- 
tio of human research ultimately 
comes down to personal opinion. 
Such opinion should take into ac- 
count all available relevant facts. In 
the case of research involving pa- 
tients, assessments cannot be based 
merely on considerations of “optimal 
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(clinical) care,” as research has its own 
particular risks and benefits. These 
principles, together with the above 
list of facts, may help to answer Said- 
man’s queries. 

Finally, the “golden rule” of eth- 
nical human research was applied in 
this study. Before potential volunteers 
were approached, the undersigned 
was anesthetized and rendered hy- 
poxemic several times—and more hy- 
poxemic than the subjects of this 
study. 

Richard L. Knill MD, FRCP(C) 
Department of Anaesthesia 
University of Western Ontario 
London, Ontario, 

Canada N6A 5C1 


REFERENCES 


1. Knill RL, Gelb AW. Peripheral chemorecep- 
tors during anesthesia: Are the watchdogs 
sleeping? Anesthesiology 1982;57:151-2 

2. Preswick G, Relvich M, Hill IP. The EEG 
effects of combined hyperventilation and 
hypoxia in normal subjects. Electroen- 
cephalogr Clin Neurophysiol 1965;11:56~64. 

3. Shimojyo S, Scheinberg P, Kogure K, Rein- 


1026 


ANESTHESIA AND ANALGESIA 
Vol 61, No 12, December 1982 


10. 


LETTERS TO THE EDITOR 


muth OM. The effects of graded hypoxia 
upon translent cerebral blood flow and ox- 
yee consumption. Neurology 1968;18:127- 


. Cohen PJ, Alexander SC, Smith TC, Relvich 


M, Wollman H. Effects of hypoxia and nor- 
mocarbia on cerebral blood flow and metab- 
olism in conscious man. J Appl Physiol 
1967;23:183~-9. 


. Rebuck AS, Davis C, Longmire D, Upton 


ARM, Powles ACP. Arterial oxygenation 
and carbon dioxide tensions in the produc- 
tion of hypoxic electroencephalographic 
changes in man. Clin Sci Mol Med 
1976;50:301-6. 


. Knill RL, Gelb AW. Ventilatory responses to 


hypoxia and hypercapnia during halothane 
sedation and anesthesia in man. Anesthe- 
siology 1978;49:244-51. 


. Kriti RL, Clement JL, Gelb AW. Ventilatory 


responses mediated by peripheral chemo- 
receptors In anaesthetized man. Adv Exp 
Med Biol 1978;99:67-77. 


. Manninen P, Knill RL. Cardiovascular signs 


of acute hypoxaemia and hypercarbia dur- 
ing enflurane and halothane anaesthesia in 
man. Can Anaesth Soc J 1979;26:282-7. 


. Knill RL, Chung DC, Baskerville J. Ventila~ 


tory responses to acute “iso-PCOQ,” acidosis 
in awake and anaesthetized man. (Abstract). 
Clin Research 1978;26:879A. 

Knill RL, Manninen P, Clement JL. Ventila- 
tion and chemoreflexes during enflurane 
sedation and anaesthesia in man. Can An- 
aesth Soc J 1979;26:353-60. 


11. Lam AM, Clement JL, Knill RL Surgical 
stimulation does not enhance ventilatory 
chemoreflexes during enflurane anaesthesia 
in man. Can Anaesth Soc }] 1960;27:22-8. 

12. Knill RL, Clement JL. Variable effects of 
inhalational anaesthetics on the ventilatory 
response to hypoxaemia. Can Anaesth Soc 
J] 1982;29-93-9, 


The paper by Knill et al states that 
their study “was approved by the 
University of Western Ontario Com- 
mittee on Human Research and each 
subject gave written informed con- 
sent.” We do not subscribe to the 
hypothesis that editors have a special 
inside track to moral or ethical right- 
eousness that permits them to veto 
the opinions of others, in this instance 
by members of a local committee in 
a well known and respected univer- 
sity. Editors have the right to disagree 
with decisions made on ethical or 
moral issues, but this is quite different 
than the right to impose their morality ` 
on others and thus interfere with an- 
other fundamental right: freedom of 
the press. —Ed. 








The Clinical Core of Res- 
piratory Medicine, by C. 
R. Woolf, Philadelphia, J. 
B. Lippincott Co., 1981, 
304 pp, $18.50. 


“Bad breath is better than no 
breath at all!” Using such common 
sense and humor, Dr. Woolf has pro- 
vided students and housestaff with a 
useful and entertaining paperback 
manual of common pulmonary prob- 
lems. 

In the first of three parts, he de- 
scribes his technique of obtaining a 
pulmonary-oriented history and 
physical examination and pertinent 
pulmonary function tests. His method 
of gathering and efficiently recording 
the history and examination concern- 
ing the five major pulmonary symp- 
toms is a useful model for beginners. 
The author is a classifier who de- 
scribes such matters as four grades of 
sputum according to the content of 
pus and five grades of dyspnea while 
walking. 

The chapters on physical exami- 
nation and reading a chest film relate 
his bedside teaching approach clearly. 
He describes both subtle but sig- 
nificant findings as well as classic 
but useless signs. Common sense 
abounds: Use only one viewbox per 
radiograph to avoid differences in il- 
lumination between each hemithorax. 

The first part ends with a brief 
review of acute respiratory failure, 
including these four sound principles 
of therapy: oxygen is good; acidosis 
is bad; the only way to eliminate CO.» 
is to breathe it out; and intermittent 
positive pressure ventilation or res- 
piratory stimulants never cured any- 
thing. 

Part 2 contains a chapter on each 
of the 16 most common reasons for 
obtaining a pulmonary consult in the 
author’s hospital practice. Dr. Woolf 
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has a real knack for describing the 
several most typical presentations of 
an illness, plus the pitfalls in their 
evaluation. His sensible diagnostic 
and therapeutic approach is deter- 
mined by the category of illness into 
which he places the patient. For in- 
stance, the management algorithm of 
the patient with a pneumothorax di- 
rects the reader through eight possi- 
ble courses of action, depending on 
the amount of free air, the presence 
of air under tension, the number and 
site of previous pneumothoraces, the 
presence of severe chest disease, and 
any particular occupational hazard, 

Part 3 has short chapters concern- 
ing the risks of operation with prac- 
tical advice, medicolegal problems of 
compensation for occupational dis- 
eases, advice for the pregnant woman 
with chest disease, recommendations 
for patients aboard commercial air- 
craft, and restrictions for driving a 
motor vehicle. 

This book makes the study of res- 
piratory disease enjoyable and easy 
for students and residents otherwise 
beset by boring and heavy literature. 


Richard A. Schieber, MD 
Assistant Professor of 

Anesthesiology and Pediatrics 
University of Pittsburgh 
Pittsburgh, PA 


Management of Medical 
Problems in Surgical Pa- 
tients, edited by Mark E. 
Molitch, Philadelphia, F. A. 
Davis Co., 1982, 795 pp, 
$40.00. 


There are many reasons for at- 
tempting to write a textbook in med- 
icine. The avowed purpose of this 
textbook is to collate information that 
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is widely disseminated, yet perhaps 
not readily available. In addition, the 
book aims to provide information on 
the experiences of other internists, 
surgeons, and physicians who have 
had to deal with such patients, and 
the preface states that the text is de- 
signed with the medical consultant in 
mind. I believe that a medical con- 
sultant would already have well-in- 
hand the information presented in 
this book and therefore would have 
to refer to a more authoritative text if 
he wished to pursue a problem in 
depth. Unfortunately, | am afraid that 
what the authors have accomplished 
is what they initially stated they 
wished to avoid, that is, simply an- 
other large textbook of medicine. 

An unfortunate problem in writing 
any textbook is that the book is fre- 
quently somewhat out of date prior 
to its publication; at least in some 
regard this text is no exception. A 
great deal of medical management of 
surgical patients is concerned with 
coronary artery disease and there is 
no mention of the new calcium chan- 
nel antagonists and their effect on 
myocardial performance in this text. 

Although the editor states that the 
opinions in this book are based on 
experience, | must take exception to 
many of the recommendations. The 
chapter on infectious disease recom- 
mends the use of prophylactic peni- 
cillin in burn patients. At least one 
study has shown this to result in in- 
creased severity of infection. The rec- 
ommendation for anesthetic manage- 
ment of a patient with acute intermit- 
tent porphyria is a cyclopropane in- 
duction. I seriously doubt that most 
anesthesiologists would consider that 
to be the initial anesthetic manage- 
ment in these patients. In the section 
on pheochromocytomas, droperidol 
is mentioned as a good premedica- 
tion. However, droperidol has been 
shown to induce hypertension in 
some patients with pheochromocy- 
toma. These are two examples of rec- 
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ommendations, which are found 
throughout the text, by nonanesthe- 
siologists for the anesthetic manage- 
ment of patients; this practice is of 
questionable benefit to the anesthe- 
siologist. 

This book has one extremely bright 
chapter, “Decision Analysis and Clin- 
ical Decision Making.” As our ability 
to sustain life with artificial means 
increases, we as physicians are going 
to be faced with making some rather 
difficult decisions. The approach sug- 
gested by Dr Stephen G. Pauker is a 
valuable one. 

In summary, this is indeed another 
large textbook of medicine that does 
not treat any one topic in a great deal 
of depth and would be useful primar- 
ily to medical students and surgical 
housestaff. It is not one I would pur- 
chase for my library. 
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1982 Yearbook of Anesthesia, edited by 
R. D. Miller et al, Chicago, Year Book 
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Guest Reviewers for 1982 


Dr. Martin D. Abel 

Dr. Paul D. Allen 

Dr. Paul W. Armstrong 
Dr. Paul G. Barash 

Dr. Richard Bartkowski 
Dr, Salvatore J. Basta 
Dr. Keith Bernstein 

Dr. Leonard Brand 

Dr. Barbara Brandom 
Dr. Beverley A. Britt 
Dr. H. A. Brown 

Dr. John Bruner 

Dr. A. C. Bryan 

Dr. David E. Byer 

Dr. Arvin Chin 

Dr. Douglas T. Coles 
Dr. David R. Danielson 
Dr. Sanjay Datta 

Dr. Brian Dawson 

Dr. Ellise Delphin 

Dr. Stephanie Duberman 
Dr. F. G, Estafanous 
Dr. A. D. Finck 

Dr. Mieczyslaw Finster 
Dr. Eugene H. Flewellen 
Dr. Joel Frader 

Dr. Donald Franz 

Dr. Glenn A. Fromme 
Dr. Ronald A. Gabel 
Dr. Richard Gallagher 
Dr. Joseph M. Garfield 
Dr. C. Norman Gillis 
Dr. Aaron J. Gissen 

Dr. N. W. Goodman 
Dr. Allan B. Gould, Jr. 


Dr. Gerald A. Gronert 
Dr. Betty L. Grundy 
Dr. M. J. Halsey 

Dr. Bradford D. Hare 
Dr. Jan Charles Horrow 
Dr. Allen I. Hyman 


Dr. Hoshang Jal Khambatta 


Dr. Gary Kopf 

Dr. Donald H. Lambert 
Dr. David E. Leith 

Dr. Robert L. Lennon 

Dr. Paul F. Leonard 

Dr. Warren J. Levy 

Dr. Ina Lieberman 

Dr. Leonard J. Lind 

Dr. John W. Linstromberg 
Dr. Ronald MacKenzie 
Dr. Rosemarie Maddi 

Dr. H. Michael Marsh 
Dr. Pat Martin 

Dr. Richard Matteo 

Dr. D. McDaniel 

Dr. John C. McMichan 
Dr. Joseph M. Messick, Jr. 
Dr. Etsuro K. Motoyama 
Dr. Frank L. Murphy 

Dr. John S. Naulty 

Dr. William Ong 

Dr. Anne Osborn 

Dr. Gerard W. Ostheimer 
Dr. Nathan L. Pace 

Dr. Leila M. Pang 

Dr. Eugene J. Pantuck 

Dr. Hilda Pedersen 

Dr. Lawrence B. Perry 


Dr. Beverly Philip 

Dr. James H. Philip 

Dr. Henry L. Price 

Dr. Terence D. Rafferty 
Dr. Steven R. Rettke 
Dr. David Richlin 

Dr. Angelo G. Rocco 
Dr. Duane K. Rorie 

Dr. Stanley Rosenbaum 
Dr. Carl E. Rosow 

Dr. Peter Rothstein 

Dr. E. Salaniire 

Dr. Kevin Sanborn 

Dr. L. E. Shutt 

Dr. Arthur Slutsky 

Dr. Theodore S. Smith 
Dr. Martin D. Sokoll 
Dr. Peter A. Southorn 
Dr. Dennis D. Spencer 
Dr. Theodore H. Stanley 
Dr. Richard A. Steinbrook 
Dr. Gilbert Stone 

Dr. H. A. Swedlund 
Dr. Lubos Triner 

Dr. John Vries 

Dr. Alvin Wald 

Dr. Jess B. Weiss 

Dr. Charles Weissman 
Dr. Dwayne R. Westenskow 
Dr. Roger D. White 
Dr. N. B. Williams 

Dr. Kenny F. Williard 
Dr. Roger S. Wilson 
Dr. Jen-Tien Wung 

Dr. J. Yang 


ANESTHESIA AND ANALGESIA 
Vol 61, No 12, December 1982 1029 


Anesthesia and Analgesia 
BACK ISSUES AVAILABLE 


Available at $3.00 per issue 























Vol. Year Numbers Avallable Vol. Year Numbers Available 
33 1954 - 2 3 4 5 6 41 1982 - 2 3 - 5 6 
34 1955 1 2 3 4 5 6 42 1963 ~ ~ 3 4 5 6 
35 1956 71 2 3 — 5 6 43 1964 1 - 3 — 5 6 
36 1957 _ 2 — ~ - 6 44 1965 1 2 3 4 5 6 
37 1958 1 2 3 4 5 6 45 1966 ~ 2 _ 4 5 6 
38 1959 - 2 3 4 — 6 46 1967 _ 2 3 4 _ 6 
39 1980 - ~ 3 4 5 6 47 1968 - - 3 4 5 6 
40 1961 - - - 4 5 8 48 1969 1 2 3 - 5 - 

Avallable at $4.50 per Issue 

Vol. Year Numbers Available Vol. Year Numbers Available 
49 1970 1 ~ - ~ 5 6 54 1975 _ 2 3 _ = 6 
50 1971 1 2 - ~- - "~ 

55 1976 - 2 3 4 5 8 
51 1972 - 2 3 - - 6 
56 1977 1 2 3 4 5 8 
52 1973 1 2 3 4 5 6 57 4978 1 2 3 4 5 8 
53 1974 - 2 3 4 — ~ 
Available at $5.50 per issue 

Vol. Year Numbers Available 
58 1979 1 2 3 4 5 6 (only six issues published) 
59 1980 _ ~ 3 4 5 6 - 8 9 10 11 12 
60 1981 1 2 3 4 5 6 -_ -~ 9 10 tt 12 
61 1982 1 2 3 4 5 6 7 8 9 10 


SINGLE ISSUES PRIOR TO 1954: Write to publisher at address below for listing of issues available at $2.00 each. 
BOUND VOLUMES AVAILABLE: $8.00—For Years 1948, 1949: $10.00-—~For Years 1953, 1955 
OTHER PUBLICATIONS AVAILABLE: 

"Basic and Clinical Physiology of the Liver" (Supplement to Sept.-Oct. 1965 Issue)—$3.00. 

Ten-Year (1960-1969) Cumulative Index-——~$3.00. 

Ten-Year (1970-1979) Cumulative Index~—-$3.00. 

1982 (56th Congress) Review Course Lectures—$5.00. 





International Anesthesia Research Society 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Please send me the publications circled above, or listed hereunder: 


Cl Check for $... enclosed. 

C0 Please send bill with understanding that ordered material will be sent when payment Is received. 
Name 
Address 
City, State, Zip 





Amestinesia 
ana Analgesia 





Annual Index 
Volume 61, 1982 


Journal of the International Anesthesia Research Society 


BOARD OF TRUSTEES 
International Anesthesia Research Society 


Robert K. Stoelting, MD, Chairman 
Dean H. Morrow, MD, Vice Chairman 
B. B. Sankey, MD, Executive Secretary 
Douglas B. Craig, MD 

Bruce F. Cullen, MD 

E. Paul Didier, MD 

Judith Donegan, MD 

Kenneth K. Keown, MD 

John T. Martin, MD 

Emerson A. Moffitt, MD 

Paul R. Dumke, MD, Emeritus Trustee 
Morris T. Nicholson, MD, Emeritus Trustee 
T. H. Seldon, MD, Emeritus Trustee 


EDITORIAL BOARD 
Anesthesia and Analgesia 


Editor in Chief 
Nicholas M. Greene, MD 


Editors 

Henrik H. Bendixen, MD 
D. Ryan Cook, MD 
Benjamin G. Covino, MD 
Douglas B. Craig, MD 

E. Paul Didier, MD 

Norig Ellison, MD 

Alison B. Froese, MD 
Edward D. Miller, Jr., MD 
Daniel M. Philbin, MD 
Cedric Prys-Roberts, MA, DM, PhD 
N. Ty Smith, MD 

Robert K. Stoelting, MD 
K. C. Wong, MD, PhD 


Business Manager 
B. B. Sankey, MD 


Abboud TK 
see Hughes SC 
Curtis JP, Shnider SM, Earl $, Henriksen 
EH, Comparison of the effects of so- 
dium citrate and Gelusi] on gastric 
acidity and volume, Abstract, 167 
Khoo SS, Miller F, Doan T, Henriksen EH, 
Maternal, fetal, and neonatal responses 
after epidural anesthesia with bupiva- 
caine, 2-chloroprocaine, or lidocaine, 
638 
Abducens palsy, see Eye 
Abouleish E, see Kang YG 
Abstracts, publications resulting from, 445 
Abstracts of scientific papers presented at the 
56th Congress of the International An- 
esthesia Research Society, San Fran- 
cisco, California, March 14-18, 1982, 


arn 167 


Acid-base equilibrium 
computer programs, Letter, 475 
neonatal, spinal anesthesia in diabetic par- 
turients, 662 
thoracoabdominal aortic aneurysms, resec- 
tion of, Abstract, 213 
Acupuncture, varied stimulation intensity, 
499 ` 
Adenosine triphosphate, see Anesthetic tech- 
niques, hypotensive; Metabolism 
Age factors, halothane, cardiovascular depres- 
sion in infants, 42 
Airway, see Equipment 
Albrecht RF, see Hoffman WE 
Alcohol, injection, painful trigger points, 518 
Aldrete JS, see Gelman 5 
Alfentanyl, see Analgesics 
Ali HH, see Basta SJ 
Allen FB 
see Gerson J] 
see Thomson IR 
Allen MC, see Cowen MJ 
Allergy, meperidine, 301 
Ambulatory anesthesia, see Anesthesia, out- 
patient 
Aminophylline, see Pharmacology 
4-Aminopyridine, see Antagonists, neuro- 
muscular relaxants 
Amitriptyline, see Ataractics, antidepressants 
Analgesics 
alfentanil 
anesthetic induction, 267 
catecholamine and cortisol responses to, 
coronary artery surgery, Abstract, 177 
pharmacokinetics, 657 
butorphanol, anesthesia, Letter, 624 
fenoprofen, management of postoperative 
pain, 1002 
fentanyl 
~ age effects, Abstract, 171 
aging and pharmacokinetics, 968 
cardiac surgery, Abstract, 206 ' 


Annual Index 


cesarean section, Abstract, 179 
convulsions, 1020 
large single dose for coronary artery sur- 
gery, 521 
low dose, Abstract, 168 
plasma, cardiovascular stability, Ab- 
stract, 188 
postintubation hypertension, 680 
reduces painful tooth pulp sensations, 
751 
heroin, extradural diamorphine and stress, 
15 
meperidine 
allergy to, 301 
comparison, labor pain, Abstract, 187 
obstetric, 652 
morphine 
cardiovascular effects of patients with 
coronary artery disease, 109 
cesarean section, Abstract, 190 
compared with intramuscular narcotic 
and intercostal nerve block for post- 
operative pain relief, 93 
epidural, 236 
epidural, side effects, 174 (Abstract), 490 
labor, Abstract, 190 
management of postoperative pain, 1002 
myocardial infarction size, rats, 843 
myocardial oxygen consumption, 979 
postsurgical low back pain syndrome, 
Abstract, 191 
respiratory depression after, Letter, 70 
spinal, Abstract, 188 
nalbuphine, reflex activity and, Abstract, 
184 
narcotic 
epidural morphine for postoperative pain 
relief, 93 
extradural diamorphine and stress, 15 
sufentanil 
cardiovascular effects of, 115 
catecholamine and cortisol responses to, 
coronary artery surgery, Abstract, 177 
hormonal effects of, Abstract, 214 
Anaphylaxis, see Allergy 
Anatomy, brachial plexus, surface landmarks 
for supraclavicular block of, 28 
Anderson WW, see Belani KG 
Andriano KP, see Liu W-S 
Anesthesia 
cardiovascular 
anesthetic induction with alfentanil, 267 
antidiuretic and growth hormone re- 
sponses following sufentanil and alfen- 
tanil in man, 434 
dobutamine and myocardial metabolism, 
917 
drug therapy of ischemic myocardium, 
10 
effects of sufentanil, 115 
fencanyl infusion, 972 


ANESTHESIA AND ANALGESIA 
Vol 61, No 12, DECEMBER 1982 


fentanyl, large single-dose, 521 
mitral and aortic valvular disease, 788 
myocardial oxygen consumption with 
halothane and morphine, 979 
nitroglycerin and myocardial metabo- 
lism, 828 
protamine sulfate and myocardial metab- 
olism, 247 
vasodilation by nitroprusside vs nitro- 
glycerin, 256 
epilepsy, methchexital, 997 
evaluation, preoperative, Abstract, 219 
intravenous, methohexital in epilepsy, 997 
neurosurgical, methohexital in epilepsy, 
997 
obstetric 
acid-base equilibrium in diabetic partu- 
rients, 662 
fetal oxygenation, 576 
maternal, fetal, and neonatal responses 
after epidural anesthesia, 638 
maternal-fetal glucose homeostasis, 32 
meperidine-bupivacaine, 652 
mitral and aortic valvular disease, 788 
pharmacokinetics of etidocaine in fetal 
and neonatal lambs and adult sheep, 
104 
plasma and cerebrospinal fluid endor- 
phin levels, 893 
prophylactic ephedrine and cesarean sec- 
tion, 839 
uterine contractions and epidural block, 
127 
otolaryngologic, continuous etomidate in- 
fusion, 993 
outpatient, guidelines, 921 
pediatric 
blood pressure measurement, Letter, 956 
halothane anesthesia and cardiovascular 
depression in infants, 42 
Anesthetic techniques 
Bain circuit, continuous Vo, and Veo, mea- 
surements during endotracheal anes- 
thesia, 362 
balanced, aging and fentanyl pharmacoki- 
netics, 968 
brachial plexus, surface landmarks for su- 
praclavicular block of, 28 
endobronchial, one-lung anesthesia, 507 
epidural 
biliary tract surgery, 793 
cesarean section, Abstract, 210 
extradural diamorphine and stress, 15 
fetal oxygenation, 576 
herpes simplex virus infection, Letter, 
714 
laryngoscopy, fentanyl and postintuba- 
tlon hypertension, 680 
lumbar, multiple sclerosis, 1022 
maternal, fetal, and neonatal responses, 
638 


1033 


Anesthetic techniques— continued 


epidural— continued 
meperidine-bupivacaine for obstetrics, 


652 

morphine for postoperative pain relief, 
93 

morphine for postoperative analgesia, 
236 


morphine, side effects, 490 
needle bevel direction, Abstract, 208 
uterine contractions and spread of local 
anesthetics, 127 
hypotensive 
adenosine, adenosine triphosphate, and 
sodium nitroprusside, 273 
adenosine triphosphate and sodium ni- 
troprusside, cardiovascular changes in 
rat, 99 
hydralazine, intraoperative hypotension, 
Abstract, 192 
hydralazine, neurosurgery, 1016 
nitroglycerin and myocardial metabo- 
lism, 828 
nitroglycerin, intrapulmonary shunting 
during induced hypotension, 231 
nitroglycerin, vasodilation, 256 
nitroprusside and thiosulfate in dogs, 120 
nitroprusside, intrapulmonary shunting 
during induced hypotension, 231 
nitroprusside, myocardial revasculariza- 
tion, Abstract, 215 
nitroprusside, vasodilation, 256 
nitroprusside, drug therapy of ischemic 
myocardium, 10 
induced hypotension, hemodynamic con- 
sequences of withdrawal! of nitroprus- 
side or nitroglycerin, 261 
infraclavicular plexus block, pain relief 
after mastectomy, 986 
regional 
intravenous, onset and progression with 
dilute lidocaine, 834 
sacral nerve block for bladder pain, 46 
surface landmarks for brachial plexus 
block, 28 


transsacral block, Letter, 623 
spinal 
acid-base equilibrium in diabetic partu- 
rients, 662 
cesarean section, cerebral infarction fol- 
lowing, 390 


clonic convulsions after, 945 

dibucaine and tetracaine, 133 

effect of hyperbaric bupivacaine with 
added vasoconstrictors, 49 

epinephrine and, Letter, 395 

isobaric, Letter, 714 

pharmacokinetics of lidocaine, rhesus 
monkey, 746 

postural puncture headache, 948 

prophylactic ephedrine and cesarean sec- 
tion, 839 

spinal taps, Letter, 309 

transsacral, sacral nerve block for bladder 

pain, 46 


Anesthetics 


ankle, model for comparison of local anes- 
thetics, 418 
axillary, model for comparison of local an- 


1034 


ANESTHESIA AND ANALGESIA 
Vol 61, No 12, DECEMBER 1982 


INDEX 


esthetics, 418 
Anesthetics, gases 
nitrous oxide 
analgesic concentrations, Letter, 394 
epinephrine-induced arrhythmias during 
halothane anesthesia, dogs, 414 
flow-directed catheters and, Letter, 308 
inactivates methionine synthetase in hu- 
man liver, 75 
minimum alveolar concentration, 553 
pulmonary air embolism and, Letter, 956 
venous air embolism, 304 
pharmacokinetics, inhalation anesthetics, 
587 
Anesthetics, intravenous 
alfentanil 
antidiuretic and growth hormone re- 
sponses, 434 
induction with, 267 
diazepam, renal hemodynamics, 853 
etomidate, continuous infusion for CO, 
laser surgery of the larynx, 993 
fentanyl 
aging and pharmacokinetics, 968 
antidiuretic and growth hormone re- 
sponses, 434 
infusion for aortocoronary bypass sur- 
gery, 972 
plasma catecholamine levels, 366 
ketamine 
cardiovascular effects following amino- 
phylline, dogs, 685 
effects on brainstem auditory evoked po- 
tentials, 338 
encephalopathy, infant, 873 
plasma levels in surgical patients, 87 
renal hemodynamics, 853 
methohexital 
epilepsy, 997 
uncontrolled epilepsy, Abstract, 185 
pentobarbital, effects on brainstem auditory 
evoked potentials, 338 
sufentanil 
antidiuretic and growth hormone re- 
sponses, 434 
cardiovascular effects of, 115 
thiopental 
comparative hemodynamics with mida- 
zolam, 771 
neuropsychiatric complications of by- 
pass, 903 
renal hemodynamics, 853 
suppression of nucleus reticularis gigan- 
tocellularis neurons, cat, 763 
Anesthetics, loca! 
amide, toxicity of, dogs, 317 
bupivacaine 
cardiovascular effects of convulsant and 
supraconvulsant doses, 3 
differentia] effects of, 570 
evaluation of analgesic effect and urinary 
excretion in man, 23 
model for comparison in man, 418 
neurotoxicity in dogs, 279 
resuscitation after overdose, 62 
2-chloroprocaine, neurotoxicity, 155, 715 
(Letters) 
2-chloroprocaine-CE, neurotoxicity in dogs, 
279 


cocaine, effect of intranasal administratior 
on experimental pain in man, 358 
dibucaine, spina] anesthesia, 133 
differential sensitivity, margin of safety fo: 
transmission, 561 
etidocaine 
cardiovascular effects of convulsant anc 
supraconvulsant doses, 3 
differential effects of, 570 
pharmacokinetics, in fetal and neonata 
lambs and adult sheep, 104 
lidocaine 
cardiovascular effects of convulsant anc 
supraconvulsant doses, 3 
model for comparison in man, 418 
neural blockade and pharmacokinetics 
rhesus monkey, 746 
true water/oil partition coefficients of, 5¢ 
mepivacaine, vascular smooth muscle, rab- 
bit, 756 
neurotoxicity, in vivo study, 961 
potencies of, 1 
procaine, true oil/water partition coeff 
cients of, 56 
tetracaine, spinal anesthesia, 133 
Anesthetics, volatile 
enflurane 
blood-gas solubility, 941 
calcium transport, sarcoplasmic retici 
lum, 142 
effects on brainstem auditory evoked n 
sponses, 968 
hepatic necrosis, Abstract, 172 
hepatotoxicity and surgical trauma, 79 
inhibition of 5-hydroxytryptamine m 
moval, 671 
isoniazid effects, Abstract, 202 
liver toxicity, rats, 812 
plasma catecholamine levels, 366 
reproductive toxicity of, in male mice, 1 
responses to verapamil and, Abstract, 1‘ 
seizures in patients taking amitriptylin 
67 
halothane 
arrhythmias, dogs, 414 
cardiovascular depression in infants, 42 
clonidine reduction of halothane MAI 
741 
comparison with large single-dose fe: 
tanyl, 521 
digital and sampled-data control of artı 
rial blood pressure, 1010 
drug therapy of ischemic myocardiur 
10 
effects on brainstem auditory evoked pt 
tentials, 338 
hepatic injury, 824 
hepatotoxicity, 809 
hepatotoxicity and surgical trauma, 79 
inhibition of 5-hydroxytryptamine n 
moval, 671 
ischemic heart disease, Abstract, 170 
liver toxicity rats, 812 
myocardial oxygen consumption, 979 
negative inotropic effect in rabbit papi 
lary muscle, 403 
nifedipine interaction, hemodynamic di 
pression, Abstract, 218 l 
platelet dysfunction, Abstract, 217 


isoflurane 
aortic stenosis, Abstract, 206 
calcium transport, sarcoplasmic reticu- 
lum, 142 
cerebral aneurysm surgery, Abstract, 197 
evaluation of a vaporizer, 457 
hepatic necrosis, Abstract, 172 
hepatotoxicity and surgical trauma, 79 
hyperthermia, Letters, 711, 712 
inhibition of 5-hydroxytryptamine re- 
moval, 671 
ischemic heart disease, Abstract, 170 
liver toxicity, rats, 812 
responses to verapamil and, Abstract, 193 
methoxyflurane, dependence on cyto- 
chrome P-450, rats and rabbits, 609 
pharmacokinetics, inhalation anesthetics, 
587 
Ankle block, see Anesthetic techniques, re- 
gional 
Antacids, see Gastrointestinal tract, stomach 
Antagonists, narcotic 
naloxone 
catecholamine blood levels, 349 
intravenous, hemodynamic and catechol- 
amine responses to, Abstract, 182 
oA ntagonists, neuromuscular relaxants 
4-aminopyridine, and human electroen- 
cephalograph, 354 
anticholinesterase drugs, beta-adrenergic 
blockade and, 153 
edrophonium 
heart rate following, Abstract, 167 
100-hertz tetanus and train-of-four, 439 
Antibiotics 
cefazolin, neuromuscular blocking effects, 
767 
gentamicin, neuromuscular blocking ef- 
fects, 767 
tobramycin, neuromuscular blocking ef- 
fects of, 200 (Abstract), 767 
Antidiuretic hormone, see Hormones 
Apfelbaum R, see Mogos B 
Arakawa K 
see Ido Y 
see Ueda I 
Argentieri MP, see Hendrickx HHL 
"a. Arismendy J, see Ramanathan $ 
“  Arismendy S, see Ramanathan S 
Arrhythmias, see Heart 
Arteries 
cannulation, hand ischemia, 465 
carotid 
inadvertent prolonged cannulation, 150 
puncture, internal jugular cannulation, 
Abstract, 181 
local anesthetics, vascular smooth muscle, 
rabbit, 756 
radial, cannulation, 876 
Arthur GR, see Pedersen H 
Asiddao CB, Donegan JH, Whitesell RC, 
Kalbfleisch JH, Factors associated with 
perioperative complications during ca- 
rotid endarterectomy, 631 
Ataractics 
antidepressants 
amitriptyline, 67 
doxepin, chronic pain, depression and 
serum opioids, Abstract, 187 








INDEX 


Atinault A, see Stanley TH 

Au E, see Lippmann M 

Aukburg SJ, see Martin DE Š 

Avram M], see Shanks CA 

Axillary block, see Anesthetic techniques, re- 
gional 

Azar Í, Pham NA, Karenbelkar DJ, Heart rate 
following administration of edrophon- 
ium-glycopyrrolate and edrophonium- 
atropine mixtures, Abstract, 167 


Babbs CF, see Ralston SH 
Baden JM, Land PC, Egbert B, Kelley M, 
Mazze RI, Lack of toxicity of enflur- 
ance on male reproductive organs in 
mice, 19 
Baele PL, McMichan JC, Marsh HM, Sill JC, 
Southorn PA, Continuous monitoring 
of mixed venous oxygen saturation in 
critically ill patients, 513 
Baenziger JC, see Ravindran RS 
Bain, see Equipment, circuits 
Bainton CR, see Gerson JI 
Baraka A 
Maktabi M, Noueihid R, Epidural meperi- 
dine-bupivacaine for obstetric analge- 
sia, 652 
Muallem M, Noueihid R, Chaya L, Mour- 
adian E, Oxygen jet ventilation of pa- 
tients with tracheal T-tube, Letter, 622 
Barash PG, Giles R, Marx P, Berger H, Zaret 
B, Intubation: is low dose fentanyl 
really effective?, Abstract, 168 
Barberii J, see Calkins JM 
Barsa | 
Batra M, Fink BR, Sumi SM, A comparative 
in vivo study of local neurotoxicity of 
lidocaine, bupivacaine, 2-chloropro- 
caine, and a mixture of 2-chloropro- 
caine and bupivacaine, 961 
Fink BR, Sumi SM, Calkins DF, Functional 
and structural changes in the rabbit 
vagus nerve in vivo following exposure 
to various hypoosmotic solutions, 912 
Bartkowski RR, see Martin DE 
Bastard OG, Carter JG, Moyers JR, Bross BA, 
Isoflurane versus halothane in ische- 
mic heart disease, Abstract, 170 
Basta SJ 
Ali HH, Savarese JJ, Sunder N, Gionfriddo 
M, Cloutier G, Lineberry C, Cato AE, 
Clinical pharmacology of atracurium 
besylate (BW 33A): a new non-depo- 
larizing muscle relaxant, 723 
Sunder N, Savarese JJ, Ali HH, Gionfriddo 
M, Clinical pharmacology of atracu- 
rium (BW 33A): a new neuromuscular 
blocking agent, Abstract, 169 
Batenhorst RL, see Bennett R 
Bates ML, see Ravindran RS 
Batra M, see Barsa J 
Bauman DI, see Waller JL 
Bedford RF 
see James DJ 
see Marshall WK 
Morris L, Jane JA, Intracranial hypertension 
during surgery for supratentorial tu- 
mor: correlation with preoperative 
computed tomography scans, 430 


Belani KG, Anderson WW, Buckley JJ, Ad- 
verse drug interaction involving pan- 
curonium and aminophylline, 473 

Bellville JW, see Ward DS 

Bennett MJ, Hirshman CA, Laser fire hazards, 
Letter, 546 

Bennett R, Batenhorst RL, Foster TS, Griffen 
WO, Wright BD, Postoperative pul- 
monary function with patient-con- 
trolled analgesia, Abstract, 171 

Bentley JB 

see Borel JD 

Borel JD, Nenad RE, Influence of age on the 
pharmacokinetics of fentanyl, Ab- 
stract, 171 

Borel JD, Nenad RE Jr, Gillespie TJ, Age 
and fentanyl pharmacokinetics, 968 

Berger H, see Barash PG 

Berger JM, see Stirt JA 

Berhard WN, Yost L, Turndorf H, Danziger 
F, Cuffed tracheal tubes— physical and 
behavioral characteristics, 36 

Berk JL, Sampliner JE, Handbook of Critical 
Care, Second Edition, Book review, 626 

Berman L, see de Lange 5 

Berman ML, Kuhnert L, Phythyon JM, Hola- 
day DA, Isoflurane-induced and en- 
flurane-induced hepatic necrosis in hy- 
perthyroid rats, Abstract, 172 

Berretti E, see Vourc'h G 

Bevan DR 

see Delisle S 
see Donati F 
see Sprigge JS 

Bezzo RR, see Glass PM 

Biava CG, see Harper MH 

Biotransformation 

enzyme induction, hepatotoxicity and sur- 
gical trauma, 79 

halothane, hepatic injury, 824 

Biotransformation (drug) 

age factors, pharmacokinetics of fentanyl, 
968 

assay techniques, limitations of sodium fu- 
sion assay, 786 

methoxyflurane, dependence on cyto- 
chrome P-450, rats and rabbits, 609 

Bizzarri DV, see Komatsu T 

Blake TM, The Practice of Electrocardiogra- 
phy, Book review, 549 

Blanck TJ], Thompson M, Enflurane and iso- 
flurane stimulate calcium transport by 
cardiac sarcoplasmic reticulum, 142 

Blitt CD 

Catheterization Techniques for Invasive 
Cardiovascular Monitoring, Book re- 
view, 806 

Carlson GL, Wright WA, Otto CW, J-wire 
versus straight wire for central venous 
cannulation via the external jugular 
vein, 536 

Blood 

anticoagulants, heparin, cardiopulmonary 
bypass, Abstract, 189 

coagulation 

protamine, myocardial metabolic effects, 
cardiopulmonary bypass, Letter, 476 

protamine sulfate and myocardial metab- 
olism, 247 


ANESTHESIA AND ANALGESIA 
Vol 61, No 12,..DECEMBER 1982 


1035 


Blood— continued 
hemoglobin, enflurane blood-gas solubility, 
1006 
heparin, protamine sulfate and myocardial 
metabolism, 247 
oncotic pressure, serum and hydrostatic 
pressure differences in critically ill pa- 
tients, 496 
sickle cell disease, aortic and mitral valve 
replacement, Letter, 802 
Blood pressure 
hypertension, plasma catecholamine levels 
during anesthesia, 366 
hypotension, Letter, 713 
measurement 
infants, Letter, 956 
modification of cuff, Letter, 476 
pseudohypotension, Letter, 713 
preoperative computed tomography and in- 
tracranial pressure, 430 
servo systems, control of during halothane 
anesthesia, 1010 
Bloor BC 
see Fukunaga AF 
Flacke WE, Clonidine increases cardiovas- 
cular margin of safety for halothane in 
dogs, Abstract, 173 
Flacke WE, Reduction in halothane anes- 
thetic requirement by clonidine, an al- 
pha-adrenergic agonist, 741 
Blozis GG, see Halstead CL 
Boheler J, Hamrick JC Jr, McKnight RL, Eger 
EI II, Isoflurane and malignant hyper- 
thennia, Letter, 712 
Bomberger RA, see Saleh SA 
Book reviews 
Berk JL, Sampliner JE, Handbook of Ctitical 
Care, Second Edition, 626 
Blake TM, The Practice of Electrocardiog- 
raphy, 549 
Blitt CD, Catheterization Techniques for 
Invasive Cardiovascular Monitoring, 
806 
Brodsky JB, Clinical Aspects of Oxygen: 
International Anesthesiology Clinics, 
Volume 19, Number 3, Fall 1981, 71 
Brown BR, Anesthesia and the Obese Pa- 
tient: Contemporary Anesthesia Prac- 
tice, Volume 5, 310 
Brown RC, Perchance to Dream, 71 
Conahan TJ M, Cardiac Anesthesia, 720 
Cottrell JE, Occupational Hazards to Op- 
erating Room and Recovery Room Per- 
sonnel, International Anesthesiology 
Clinics, Volume 19, 549 
Cowley RA, Trump BE, Pathophysiology of 
Shock, Anoxia, and Ischemia, 719 
Ellis FR, Inherited Disease and Anaesthesia, 
Volume 9, 165 
Fischbach DP, Fogdall RP, Coagulation: The 
Essentials, 397 
Gordon E, A Basis and Practice of Neuroan- 
aesthesia, Second Edition, 550 
Gorsky BH, Pain: Origin and Treatment, 72 
Gorsky BH, Gorsky SR, Introduction to 
Medical Hypnosis, 310 
Gregory GA, Respiratory Failure in the 
Child, 806 
Grenvik A, Safar P, Brain Failure and Re- 


1036 


ANESTHESIA ANB ANALGESIA 
Vol 61, No 12, DECEMBER 1982 


INDEX 


suscitation, 397 
Guenter CA, Welch MH, Pulmonary Med- 
icine, 958 
Halstead CL, Blozis GG, Drinnan AJ, Gier 
RE, Physical Evaluation of the Dental 
Patient, 890 
Israel JS, DeKornfeld TJ, Recovery Room 
Care, 719 
James FM, Wheeler AS, Obstetric Anesthe- 
sia: The Complicated Patient, 626 
Kitahata IM, Collins JG, Narcotic Analge- 
sics in Anesthesiology, 480 
Levine RJ, Ethics and Regulation of Clinical 
Research, 480 
Lipton S, Miles J, Persistent Pain: Modern 
Methods of Treatment, Volume 3, 626 
Mackenzie CF, Ciesla N, Imle PC, Klemic 
N, Chest Physiology in the Intensive 
Care Unit, 481 
Miller RD, Anesthesia, Volumes 1 and 2, 
165 
Molitch ME, Management of Medical Prob- 
lems in Surgical Patients, 1027 
Rattenborg CC, Via-Reque E, Clinical Uses 
of Mechanical Ventilation, 959 
Ravin MB, Problems in Anesthesia: A Case 
Study Approach, 311 
Roemer MI, Ambulatory Health Services in 
America: Past, Present and Future, 398 
Rosen M, Latto IP, Shang W, Handbook 
of Percutaneous Central Venous Cath- 
eterisation, 398 
Slonim NB, Hamilton LH, Respiratory 
Physiology, Fourth Edition, 73 
Tarhan S, Cardiovascular Anesthesia and 
Postoperative Care, 958 
Thomton JA, Adverse Reactions to An- 
aesthetic Drugs, 550 
Varkey GP, Anesthetic Considerations in 
the Surgical Repair of Intracranial 
Aneurysms, 890 
Woo SW, Ambulatory Anesthesia Care, 
International Anesthesiology Clinics, 
Volume 20, 807 
Woolf CR, The Clinical Core of Respiratory 
Medicine, 1027 
Boonstra $, see Sia RL 
Borel JD 
see Bentley JB 
Bentley JB, Vaughan RW, Gandolfi AJ, En- 
flurane blood-gas solubility: influence 
of weight and hemoglobin, 1006 
Boscoe MJ, see de Lange S 
Bovill JG, see Sebel PS 
Brachial plexus, see Anatomy; Anesthetic 
techniques, regional 
Bradshaw JJ, see Ivanetich KM 
Brain 
carotid endarterectomy, complications of, 
631 
evoked potentials, effects of anesthetics on 
brainstem auditory evoked responses, 
338 
evoked responses, effects of enflurane, 898 
intracranial pressure, preoperative com- 
puted tomography scans, 430 
nucleus reticularis gigantocellularis, sup- 
pression of neurons, cat, 763 
thiopental protection, neuropsychiatric 


complications of bypass, 903 
Bramwell RS, see Hammonds W 
Brandom BW, see Cook DR 
Braverman B, see Ivankovich AD 
Bretylium, see Neuromuscular relaxants 
Bridenbaugh PO, see Denson DD 
Brittain T, see Ivanetich KM 
Britt RH, see Cohen MS 
Brodsky JB, Clinical Aspects of Oxygen: In- 
ternational Anesthesiology Clinics, 
Volume 19, Number 3, Fall 1981, Book 
review, 71 
Bromage PR 
see Camporesi EM 
see Steen PA 
Camporesi EM, Durant PAC, Nielsen CH, 
Nonrespiratory side effects of epidural 
morphine, 490 
Bross BA, see Bastard OG 
Brown BR, Anesthesia and the Obese Patient: 
Contemporary Anesthesia Practice, 
Volume 5, Book review, 310 
Brown CQ, Inadvertent prolonged cannula- 
tion of the carotid artery, 150 
Brown DT, see Wildsmith JAW 
Brown FF HI 
see McLeskey CH 
Owens WD, Felts JA, Spitznagel EL Jr, 
Cryer PE, Plasma epinephrine and nor- 
epinephrine levels during anesthesia: 
enflurane-NgO-O2 compared with fen- 
tanyl-N3O-O2, 366 
Brown RC, Perchance to Dream, Book review, 
71 
Bryan AC, see Kolton M 
Buckley JJ, see Belani KG 
Bukowski EM, see Camporesi EM 
Bullingham R, see McQuay H 
Bullingham RES, see Cowen MJ 
Bupivacaine, see Anesthetics, local 
Burke CB, More on anesthetic terminology, 
Letter, 623 
Burns, see Complications 
Burrows FA, Seeman RG, Ketamine and my- 
oclonic encephalopathy of infants 
(Kinsbourne syndrome), 873 
Burt RAP, see Davie [T 
Bussell J 
see Moffitt EA 
see Sethna D 
see Sethna DH 
Bussell JA 
see Moffitt EA 
see Sethna DH 
Butler B, Pulmonary air embolism and nitrous 
oxide challenge, Letter, 956 
Butorphanol, see Analgesics 
Byrd SE, see Huntington CT 
Byrick RJ, Hobbs EG, Kay JC, Extrathoracic 
cuff pressure reflects changes of intra- 
thoracic large airway circumference, 
693 


Cairoli VJ, Ivankovich AD, Vucicevic D, Pate! 
K, Succinylcholine-induced hyperka- 
lemia in the rat following radiation 
injury to muscle, 83 

Calcium, see Ions 

Caldwell C, see Tyler E 





Calkins DF, see Barsa | 
Calkins JM 
see Waterson CK 
Vaughan RW, Cork RC, Barberii ], Eskelson 
C, Effects of dilution, pressure, and 
apparatus on hemolysis and flow rate 
in transfusion of packed erythrocytes, 
776 
Waterson CK, Hameroff SR, Harris TR, 
Jones JF, A simple flueric high fre- 
quency jet ventilator, 138 
Waterson CK, Hameroff SR, Kanel J, Jet 
pulse characteristics for high-fre- 
quency jet ventilation in dogs, 293 
Camey M, see Vourc’h G 
Camporesi EM 
see Bromage PR 
see Steen PA 
Bromage PR, Durant PAC, Nielsen CH, 
Bukowski EM, Side effects of epidural 
morphine, Abstract, 174 
Camu F, Gepts E, Rucquoi M, Heykants J, 
Pharmacokinetics of alfentanil in man, 
657 
Cannulation, see Anatomy, specific vessels, 
arteries and veins 


‘on Carbon dioxide 


production, continuous Vo, and Veo, mea- 
surements during endotracheal anes- 
thesia, 362 
tension 
cutaneous, intraoperative 
Abstract, 223 
general anesthesia, 950 
Caritis 5, see Kang YG 
Carlson GL, see Blitt CD 
Carotid endarterectomy, see Surgery, neuro- 
logic 
Carr DB, see Steinbrook RA 
Carron H, see Simon DL 
Carter JG, see Bastard OG 
Castagnoli N Jr, see Upton RA 
Casthely PA, Lear S, Cottrell JE, Lear E, Intra- 
pulmonary shunting during induced 
hypotension, 231 
Catecholamines, see Sympathetic nervous 
system 


monitoring, 


m Catheters, see Equipment 


Cato AE, see Basta SJ 
Cattran CB, see Kolton M 
Cazalaa J, see Stanley TH 
Cazalaa JA, see Stanley TH 
Cerebrospinal fluid, density, variability, Let- 
ter, 803 
Chalon | 
see Ramanathan S 
see Sivakumaran C 
Chambers WA 
see Ravindran RS 
Littlewood DG, Scott DB, Spinal anesthesia 
with hyperbaric bupivacaine: effect of 
added vasoconstrictors, 49 
Chapin JW, Nance P, Yarbrough JW, Facial 
paleness, Letter, 475 
Chapman CR, see Schimek F 
Chassy J, see Dubois MY 


‘ya, Chaya L, see Baraka A 
O" Chinyanga HM, Positioning the ultrasonic 


Doppler flow detector probe in small 


INDEX 


children, Letter, 69 
Chioralose, see Pharmacology 
Chloroprocaine, see Anesthetics, local 
Cholinesterase, see Enzymes 
Christian CM, Fagraeus L, Van Trigt P, Spray 
TL, Pasque MK, IDæ: defining myo- 
cardial depression in dogs, Abstract, 
174 
Ciesla N, see Mackenzie CF 
Cimetidine, see Gastrointestinal tract, stom- 
ach 
Circuits, anesthetic, see Equipment, circuits 
Cirrhosis, see Liver 
Citation analysis, publications resulting from 
anesthesia meeting abstracts, 445 
Clark D, see Moore RA 
Clark WC, see Yang JC 
Clement HL, see Knill RL 
Clifford C, see Vender JS 
Clonidine, see Sympathetic nervous system, 
alpha-adrenergic agonists 
Cloutier G, see Basta SJ 
Cocaine, see Anesthetics, local 
Coeytaux R, see Stanley TH 
Coggins CH, see de Lange S 
Cohen MS, Britt RH, Effects of sodium pen- 
tobarbital, ketamine, halothane, and 
chloralose on brainstem auditory 
evoked responses, 338 
Cohn ML, see Huntington CT 
Coleman RL, see Moore DC 
Colgan FJ, TenEyck LG, Sawa T, Ventilatory 
requirements during high frequency 
ventilation in dogs, Abstract, 175 
Collins JC, see Kitahata IM 
Collins IG 
see Kawahara M 
see Homma E 
Collins P, see Harper MH 
Colpitts YH, see Schimek F 
Comer PB, see Scuderi PE 
Complications 
aspiration, antacids in rabbits, 288 
burns 
pharmacokinetics of d-tubocurarine, 241 
transcutaneous electronerve analgesia, 
Letter, 801 
cardiac arrest, cardiopulmonary resuscita- 
tion with interposed abdominal com- 
pression, dogs, 645 
dental, traumatic tooth avulsion, 469 
epigiottitis, criteria for extubation, Abstract, 
211 
homocystinuria, anesthetic considerations 
and, 708 
neurologic, cervical plexus damage, back 
roll, 471 


903 
obesity, enflurane blood-gas solubility, 
1006 
pneumoperitoneum 
craniofacial reconstruction, 146 
tension, Letter, 624 
priapism, ketamine and physostigmine, 
705 
radiation, and succinylcholine hyperkale- 
mia, 83 
resuscitation, interposed abdominal com- 


ANESTHESIA AND ANALGESIA 
Vol 61, No 12,.DECEMBER 1982 


pression, dogs, 645 
spinal cord injuries, anesthesia and auto- 
nomic hyperreflexia, 344 
Conahan TJ IH, Cardiac Anesthesia, Book re- 
view, 720 
Concepcion MA, see Rocco AG 
Conklin CM, see Sethna DH 
Conolly ME, see Stirt JA 
Contrast media, see Surgery, cardiovascular 
Cook DR 
Brandom BW, Enflurane, halothane, and 
isoflurane inhibit removal of 5-hy- 
droxytryptamine from the pulmonary 
circulation, 671 
Howell RE, Gillis CN, Xanthine oxidase- 
induced lung injury inhibits removal 
of 5-hydroxytryptamine from the pul- 
monary circulation, 666 
Cork RC 
see Calkins JM 
see Hameroff SR 
see Vaughan MS 
Corticosteroid, see Hormones; Metabolism 
Cote DD 
see Mutch WAC 
Torchia MG, Nitroglycerin absorption to 
polyvinylchloride seriously interferes 
with its clinical use, 541 
Cote ME, see Lebowitz PW 
Cottrell JE 
see Casthely PA 
see Estilo AE 
Occupational Hazards to Operating Room 
and Recovery Room Personnel, Inter- 
national Anesthesiology Clinics, Vol- 
ume 19, Book review, 549 
Covino BG 
see Gissen AJ 
see Liu P 
see Pedersen H 
see Rocco AG 
Covino BM, see Liu P 
Cowen M], Bullingham RES, Paterson GMC, 
McQuay HJ, Turner M, Allen MC, 
Moore A, A controlled comparison of 
the effects of extradural diamorphine 
and bupivacaine on plasma glucose 
and plasma cortisol in postoperative 
patients, 15 
Cowley RA, Trump BE, Pathophysiology of 
Shock, Anoxia, and Ischemia, Book re- 
view, 719 
Crago BR, see Hameroff SR 
Craver JM, see Waller JL 
Crawford ES, see Saleh SA 
Critz A, see Hammonds W 
Cronnelly R, Gencarelli P, Miller RD, Fisher 
DM, Nguyen L, Pharmacokinetics of 
pancuronium and Org NC 45 (Norcu- 
ron), Abstract, 176 
Cryer PE, see Brown FF IH 
Cucchiara RF, see Messick JM 
Cullen BF, see Eyler SW 
Culligan JD, see Mutch WAC 
Cummins DF, see Ravindran RS 
Curare, see Neuromuscular relaxants, d-tub- 
ocurarine 
Curtis JD, see Hughes $C 
Curtis JP, see Abboud TK 


1037 


Cyanide, see Anesthetic techniques, hypoten- 
sive, nitroprusside; Toxicity 


Dahlström B, see Rawal N 
Danel V, see Dupre L-] 
Daniels AL, see Lebowitz PW 
Danziger F, see Bernhard WN 
Dasta JF, see Visconti JA 
Datta 5 
see Steinbrook RA 
see Warren TM 
Kitzmiller JL, Naulty JS, Ostheimer GW, 
Weiss JB, Acid-base status of diabetic 
mothers and their infants following 
spinal anesthesia for cesarean section, 
662 
Davie IT, Slawson KB, Burt RAP, A double- 
blind comparison of parental mor- 
phine, placebo, and oral fenoprofen in 
the management of postoperative pain, 
1002 
Davis H, Variability of cerebrospinal fluid 
density, Letter, 803 
Davis NL, de Jong RH, Successful resuscita- 
tion following massive bupivacaine 
overdose, 62 
Davison JK, see Lebowitz PW 
Deane RS, see Lambert DH 
Deas TC, Tracheal or endotracheal tubes?, 
Letter, 161 
DeBoer GE, Kamal MM, Nitroglycerin oint- 
ment before coronary artery surgery, 
Abstract, 177 
de Bruijin N, see de Lange S 
Debuijn N, see de Lange S 
Defalque RJ, Painful trigger points in surgical 
scars, 518 
de Jong RH 
see Davis NL 
Ronfeld RA, DeRosa RA, Cardiovascular 
effects of convulsant and supraconvul- 
sant doses of amide local anesthetics, 
3 
DeKornfeld T], see Israel JS 
de Lange S 
see Nauta J 
Boscoe MJ, Stanley TH, de Bruijin N, Phil- 
bin DM, Coggins CH, Antiduretic and 
growth hormone responses during cor- 
onary artery surgery with sufentanil- 
oxygen and alfentanil-oxygen anesthe- 
sia in man, 434 
Stanley TH, Boscoe M, Debuijn N, Berman 
L, Catecholamine and cortisol re- 
sponses to high dose sufentanil-Og and 
alfentanil-Og anesthesia during coro- 
nary artery surgery, Abstract, 177 
Delcroix C, see d'Hollander AA 
Delisle S, Lebrun M, Bevan DR, Plasma chc- 
linesterase activity and tachyphylaxis 
during prolonged succinylcholine in- 
fusion, 941 
Demas K, see Sarnquist FH 
Denson DD, Bridenbaugh PO, Turner PA, 
Phero JC, Raj PP, Neural blockade and 
pharmacokinetics following subarach- 
noid lidocaine in the rhesus monkey. 
I. Effects of epinephrine, 746 
DeRobertis M, see Moffitt EA 


ANESTHESIA AN 
Vol 61, No 12, DE 


1038 


ANALGESIA 
MBER 1982 


INDEX 


DeRosa RA, see de Jong RH 
Desai $, Roaf E, Liu P, Acute pulmonary 
edeqna during laparoscopy, 699 
Desmonts JM, see d'Hollander AA 
DeVore R 
see Parker EO 
see Schwartz AJ 
Dewan DM, see Siegle JH 
d'Hollander AA, Duvaldestin P, Delcroix C, 
Nevelsteen M, Desmonts JM, Evolu- 
tion of single twitch and train-of-four 
responses and of tetanic fade in rela- 
tion to plasma concentrations of faza- 
dinium in man, 225 
Diabetes, see Complications; Metabolism 
Diazepam, see Hypnotics, benzodiazepines; 
Premedication 
Diaz JH 
Henling CE, Pneumoperitoneum and car- 
diac arrest during craniofacial recon- 
struction, 146 
Henling CE, Tension pneumoperitoneum, 
Letter, 624 
Dibucaine, see Anesthetics, local 
Didisheim P, see Hughes DR 
Dierdorf SF, see Haselby KA 
DiFazio CA, see Friedman GA 
Dilley RS, see Moorthy SS 
Diuretics, see Kidney 
Doan T, see Abboud TK 
Dobutamine, see Heart; Sympathetic nervous 
system 
Dodgson BG, see Knill RL 
Domino EF, Zsigmond EK, Domino LE, Dom- 
ino KE, Kothary SP, Domino SE, 
Plasma levels of ketamine and two of 
its metabolites in surgical patients us- 
ing a gas chromatographic mass frag- 
mentographic assay, 87 
Domino KE, see Domino EF 
Domino LE, see Domino EF 
Domino SE, see Domino EF 
Donati F, Bevan DR, Twitch depression and 
train-of-four Fade after antagonism of 
pancuronium with edrophonium, neo- 
stigmine, and pyridostigmine, Ab- 
stract, 178 
Donegan J, Rogers MC, Traystman RJ, Ko- 
ehler RC, Jones MD, Cerebrovascular 
response to hypoxia during barbiturate 
coma in lambs, Abstract, 179 
Donegan JH, see Asiddao CB 
Donegan MF, see Friedman GA 
Dooley JC, see Yang JC 
Dopamine, see Heart; Pharmacology; Sym- 
pathetic nervous system 
Doppler ultrasound, see Measurement tech- 
niques, Doppler; Equipment 
Dorsey LM, see Kates RA 
Doxepin, see Ataractics, antidepressants 
Doyle E, see Grundy BL 
Drinnan AJ, see Halstead CL 
Dryden GE, see Ravindran RS 
Dubner R, see Gracely RH 
Dubois MY, Sato 5, Chassy J, Macnamara TE, 
Effects of enflurane on brainstem au- 
ditory evoked responses in humans, 
968 
Duncalf D, see Mogos B 


e 
Dundee JW, Kawar P, Reves JG, Samuelson 
PN, Vinik HR, Consistency of action 
of midazolam, Letter, 544 
Dunn GL, see Morison DH 
Dupre L-J, Danel V, Legrand J-J, Stieglitz P, 
Surface landmarks for supraclavicular 
block of the brachial plexus, 28 
Dupuis JF, see Lichtiger B 
Durant PAC 
see Bromage PR 
see Camporesi EM 
Duvaldestin P, see d'Hollander AA 


Earl S, see Abboud TK 
East TD, see Pace NL 
Ebert PA, see Roizen MF 
Edds SP, see Manchikanti L 
Edelman JD, see Hurlbert BJ 
Edema, see Complications; Lung 
Edrophonium, see Antagonists, neuromuscu- 
lar relaxants 
Education, medical students, changing spe- 
cialties, 504 
Edwards MW Jr, see Martin DE 
Egbert B, see Baden JM 
Eger EI II 
see Boheler J a 
see Eisenkraft JB 
see Harper MH 
see Hormbein TF 
see Koblin DD 
see Shingu K 
see Way WL 
Eisele JH, Wright R, Rogge P, Newborn and 
maternal fentanyl levels at cesarean 
section, Abstract, 179 
Eisenkraft JB, Eger EI II, Nitrous oxide and 
Swan-Ganz catheters, Letter, 308 
El-Baz N 
El-Ganzouri A, Ivankovich AD, Faber LP, 
Kittle CF, Jensik R, One-lung high-fre- 
quency positive-pressure ventilation 
during lung surgery, Abstract, 180 
Holinger L, El-Ganzouri A, Gottschalk W, 
Ivankovich AD, High-frequency posi- 
tive-pressure ventilation for tracheal 
reconstruction supported by tracheal 
T-tube, 796 
El-Etr AA, see Rao TLK 
El-Ganzoun A, see El-Baz N 
Ellis FR, Inherited Disease and Anaesthesia, 
Volume 9, Book review, 165 
Ellison N 
see Meranze J 
see Schwartz AJ 
Schwartz AJ, Jobes DR, Greenhow DE, Ste- 
phenson LW, Avoidance of carotid ar- 
tery puncture sequelae during internal 
jugular cannulation, Abstract, 181 
Embolism 
air 
nitrous oxide and, Letter, 956 
residual intravascular pulmonary gas fol- 
lowing, 304 
venous, 65 
gas, lasers for urethral surgery, Letter, 160 
Endorphins, see Brain; Polypeptides : 
Endotracheal tubes, see Equipment, endotra- 
cheal tubes 


Enflurane, see Anesthetics, volatile 
Enzymes 
cholinesterase, levels, pregnancy, 953 
methionine synthetase, inactivated by ni- 
trous oxide, 75 
plasma cholinesterase, activity during pro- 
— longed succinylcholine infusion, 941 
Ephedrine, see Sympathetic nervous system, 
sympathomimetic agents 
Epidural, see Anesthetic techniques 
Epstein HM, see Vender JS 
Epstein RH, see Kopman AF 
Equipment 
airway, intubation, Letter, 309 
catheters 
flow-directed, aortocoronary bypass sur- 
gery, Abstract, 221 
flow-directed, indications for, Letters, 
477 ` 
flow-directed, nitrous oxide and, Letter, 
308 
vascular, 871 
circuits, tube support strap, Letter, 160 
computed tomography, and intracranial 
pressure, 430 
cuffs, enotracheal, changes in and, intratho- 
racic large airway circumference, 693 
endotracheal tubes, Letters, 161, 623 
exhaust systems, gas scavenging, Letter, 162 
humidification, body temperature decrease, 
Letter, 393 
lasers 
fire hazards, Letter, 546 
urethral surgery, Letter, 160 
servo systems, control of arterial blood 
pressure during halothane anesthesia, 
1010 
tracheal tubes, cuffed, physical and behav- 
ioral characteristics, 36 
vaporizers 
accuracy and nitrous oxide, 938 
inadvertent change of anesthetics, 53 
isoflurane, evaluation, 457 
ventilators 
fleuric high frequency fet, 138 
silent, 713 
Eriksson I, The role of conducting airways in 
A gas exchange during high-frequency 
: ventilation—a clinical and theoretical 
analysis, 483 
Eskelson C, see Calkins JM 
Estafanous FG 
see Zurick AM 
Urzua J, Zurick AM, Loop FD, Tarazi RC, 
Hemodynamic patterns of coronary ar- 
tery surgery—role of systemic vascular 
resistance, Abstract, 181 
Estilo AE 
Cottrell JE, Hemodynamic and catechola- 
mine response to intravenous nalox- 
one, Abstract, 182 
Cottrell JE, Hemodynamic and catechola- 
mine changes after administration of 
naloxone, 349 
Etchia A, Momnet Y, Electrochemical skin 
burn after transcutaneous electronerve 
~" analgesia, Letter, 801 
Ethics, duplication and fragmentation in pub- 
lications, Letters, 1024 1025 


INDEX 


Etidocaine, see Anesthetics, local 
Etornidate, see Anesthetics, intravenous; In- 
duction, anesthetic g 
Evoked potentials, see Brain; Monitoring 
Eye, abducens palsy, postural puncture head- 
ache, 948 
Eyler SW 
Cullen BF, Murphy ME, Welch WD, Ant- 
acid aspiration in rabbits: a comparison 
of Mylanta and Bicitra, 288 
Cullen BF, Welch WD, Murphy M, Antacid 
aspiration in rabbits, Abstract, 183 


Faber LP, see El-Baz N 
Fagraeus L, see Christian CM 
Fahmy NR, Sunder N, Roberts JT, Nalbu- 
phine: hemodynamic effects and effi- 
cacy in suppressing reflex activity in 
‘balanced’ anesthesia, Abstract, 184 
Farese G, see Smith BE 
Fargas-Babjak AM, see Morison DH 
Farrell L, see Waud BE 
Fassculaki A, Brachial plexus block for pain 
relief after modified radical mastec- 
tomy, 986 
Faust RJ 
see Hughes DR 
see Messick JM 
Fazadinium, see Neuromuscular relaxants 
Feldman HS, see Liu P 
Felts JA 
see Brown FF If] 
see McLeskey CH 
Fenoprofen, see Analgesics 
Fentanyl, see Analgesics, narcotic; Anes- 
thetics, intravenous 
Finberg JPM, see Markiewicz W 
Fink BR, see Barsa J 
Finster M, see Pedersen H 
Fiolet J, see Sebel PS 
Fischbach DP, Fogdall RP, Coagulation: The 
Essentials, Book review, 397 
Fisher DM, see Cronnelly R 
Fisher J, see Steinbrook RA 
Flacke WE 
see Bloor BC 
see Fukunaga AF 
see Kapur PA 
Flashburg MH, see Kopman AF 
Fleming RA, see Fukui Y 
Floyd JB, see Ingram CT 
Fogdall RP, see Fischbach DP 
Ford EW 
Morrell F, Whisler WW, Methohexital an- 
esthesia for surgical treatment of un- 
controllable epilepsy, 185 (Abstract), 
997 
Foster TS, see Bennett R 
Francis DM, see Rocco AG 
Francis RN, Kwik RSH, Oral ranitidine for 
prophylaxis against Mendelson’s syn- 
drome, 130 
Frantz RA, see Stirt JA 
Frazer BA, see Roizen MF 
Frederickson E, see Ingram C 
Friedman GA, Rowlingson JC, DiFazio CA, 
Donegan MF, Evaluation of the anal- 
gesic effect and urinary excretion of 
systemic bupivacaine in man, 23 


Friesen RH 
see Myerberg DZ 
Lichtor JL, Cardiovascular depression dur- 

ing halothane anesthesia in infants: a 
study of chree induction techniques, 42 

Frijimori M, see Tatekawa $ 

Froese AB, see Kolton M 

Fujioka H, see Shimoji K 

Fukuda S, Tsuji T, Murakawa T, Takeshita H, 
Toda N, Effects of mepivacaine on ad- 
renergic neuroeffector junction of the 
isolated rabbit aorta, 756 

Fukui Y, Smith NT, Fleming RA, Digital and 
sampled-data contro! of arterial blood 
pressure during halothane anesthesia, 
1010 

Fukunaga AF, Flacke WE, Bloor BC, Hypoten- 
sive effects of adenosine and adenosine 
triphosphate compared with sodium 
nitroprusside, 273 

Funk DI, see Shanks CA 


Gabel RA, see Smith BE 
Gallamine, see Neuromuscular relaxants 
Gandhi $, see Ramanathan S 
Gandolfi AJ, see Borel JD 
Gans BJ, see Hoffman WE 
Gases 
helium, epinephrine-induced arrhythmias 
during halothane anesthesia, dogs, 414 
nitrogen, epinephrine-induced arrhythmias 
during halothane anesthesia, dogs, 414 
nitrous oxide, epinephrine-induced ar- 
rhythmias during halothane anesthe- 
sia, dogs, 414 
Gastrointestinal tract, stomach, antacids 
bicitra, Letter, 801 
cimetidine and related drugs, 595 
comparison, Abstract, 167 
nonparticulate, Letter, 801 
ranitidine and Mendelson’s syndrome, 130 
sodium citrate, Abstract, 220 
sodium citrate, duration of action, Letter, 
624 
Gelb AW 
see Kenefick JP 
see Lam AM 
Lam AM, Pseudohypotension, Letter, 713 
Geller E, see Moore RA 
Gelman 5, Aldrete JS, Halpern N, Hemody- 
namics during portacaval shunt sur- 
gery in humans, Abstract, 185 
Gencarelli P, see Cronnelly R 
Gepts E, see Camu F 
Gerlach R, see Schimek F 
Gerson JI 
see Thomson IR 
Allen FB, Seltzer JL, Parker FB Jr, Markow- 
itz AH, Arterial and venous dilation by 
nitroprusside and  nitroglycerin—is 
there a difference?, 256 
Hickey RF, Bainton CR, Treatment of myo- 
cardial ischemia with halothane or ni- 
troprusside-propranolol, 10 
Ghia JN, see Tyler E 
Giasi R, see Liu P 
Gibbs CP, see James CJ 
Gier RE, see Halstead CL 


ANESTHESIA AND ANALGESIA 
Vol 61, No 12, DECEMBER 1982 


1039 


Giles R, see Barash PG 
Gillespie TJ, see Bentley JB 
Gillette JR, see Poh! LR 
Gillis CN, see Cook DR 
Gillman MA 
Koblin DD, Nitrous oxide at analgesic con- 
centrations--an opiate agonist: further 
evidence, Letter, 394 
Lichtigfeld FJ, Dual-system hypothesis of 
pain perception: possible further evi- 
dence, Letter, 886 
Gionfriddo M, see Basta 5J 
Girgis KZ, see Slogoff S 
Gissen AJ 
Covino BG, Gregus J, Differential sensitiv- 
ity of fast and slow fibers in mamma- 
lian nerve. II. Margin of safety for 
nerve transmission, 561 
Covino BG, Gregus J, Differential sensitiv- 
ity of fast and slow fibers in mamma- 
lian nerve. IT. Effect of etidocaine and 
bupivacaine on fast/slow fibers, 570 
Glass PM, Bezzo RR, Modification of Dina- 
map 845 automatic blood pressure cuff 
to- permit continuous display of cuff 
pressure, Letter, 476 
Glucose, see Blood; Metabolism 
Goffen BS, Transsacral block, letter, 623 
Gonzales J, see Waskell L 
Gordon E, A Basis and Practice of Neuroan- 
aesthéesia, Second Edition, Book re- 
view, 550 
Gorsky BH 
Pain: Origin and Treatment, Book review, 
72 
Gorsky SR, Introduction to Medical Hyp- 
nosis, Book review, 310 
Gorsky SR, see Gorsky BH 
Goto H, see Ido Y 
Gottlieb A, Lalli AF, Hypotension following 


contrast media injection during general’ 


anesthesia, 387 
Gottschalk W, see El-Baz N 
Gould DB, Lampert BA, MacKrell TN, Effect 
of nitrous oxide solubility on vaporizer 
aberrance, 938 
Gracely RH, Dubner R, McGrath PA, Fen- 
tanyl reduces the intensity of painful 
tooth pulp sensations: controlling for 
detection of active drugs, 751 
Gray R 
see Moffitt EA 
see Sethna D . 
Gray RJ 
see Moffitt EA 
see Sethna D 
see Sethna DH 
Greenblatt DJ, see Martyn JA] 
Greene NM, Further light on the potencies of 
local anesthetics, Editorial, 1 
Greenhow DE 
see Ellison N 
see Martin DE 
see Meranze J 
Gregory GA, Respiratory Failure in the Child, 
Book review, 806 
Gregus J, see Gissen AJ 
Grenvik A, Safar P, Brain Failure and Resus- 
citation, Book review, 397 


1040 


ANESTHESIA AND, ANALGESIA 
Vol 61, No 12, DECEMBER 1982 


INDEX 


Griffen WO, see Bennett R 

Growth hormone, see Hormones 

Grundy BL, Jannetta PJ, Procopio PT, Doyle 
E, Harrison C, Somatosensory-evoked 
potential monitoring during neuro- 
surgical operations, Abstract, 186 

Grylack LJ, see Mendiola J 

Guenter, CA, Welch, MH, Pulmonary Medi- 
cine, Book review, 958 

Gunz EF, see Stirt JA 

Gupta CD, see Ravindran RS 

Guyton R, see Kates RA 


Haenen HTM, see Sia RL 
Halothane, see Anesthetics, volatile 
Halpern N, see Gelman $ 
Halstead CL, Blozis GG, Drinnan AJ, Gier RE, 
Physical Evaluation of the Dental Pa- 
tient, Book review, 890 
Hameroff SR 
see Calkins JM 
see Waterson CK 
Crago BR, Cork RC, Scherer K, Leeman E, 
Doxepin effects on chronic pain, de- 
pression, and serum opioids, Abstract, 
187 
Hamilton LH, see Slonim NB 
Hammonds W, Bramwell RS, Hug CC, Najak 
Z, Critz A, A comparison of epidural 
meperidine and bupivacaine for relief 
of labor pain, Abstract, 187 
Hamrick JC Jr, see Boheler J 
Harper MH 
see Ingram C 
Collins P, Johnson BH, Eger EI II, Biava CG, 
Postanesthetic hepatic injury in rats: 
influence of alterations in hepatic 
blood flow, surgery, and anesthesia 
time, 79 
Harrah JD, see Pyles ST 
Harrison C, see Grundy BL 
Harris TR, see Calkins JM 
Haselby KA, Dierdorf SF, A gravity-driven 
continuous flush system for vascular 
catheters, 871 
Heart 
arrhythmias 
antiarrhythmic action of adenosine tri- 
phosphate, dogs, 423 
epinephrine-induced during halothane 
anesthesia in dogs, 414 
blood flow, cardiovascular effects of mor- 
phine, 109 
contractility 
defining myocardia! depression, Ab- 
stract, 174 
negative inotropic effect of halothane in 
rabbit papillary muscle, 403 
dobutamine, myocardial metabolism, 917 
electrocardiography, intravascular, Letter, 
884 


epinephrine-induced, during halothane an- 
esthesia, dogs, 414 

esophageal electrocardiography, intraoper- 
ative monitoring, 781 

metabolism, protamine sulfate and, 247 

myocardial function, hemodynamics of in- 
travenous nitroglycerin, 927 


+ 


myocardial infarction, morphine effects 
size, rats, 843 
oxygen consumption 
anesthesia, coronary patients, Abstract, 
204 
hemodynamics of intravenous nitroglyc- 
erin, 927 
myocardial, with halothane and mor- 
phine anesthesia, 979 
pericardium, severe tachycardia, 384 
resuscitation 
advanced CPR, 629 
interposed abdomina! 
dogs, 645 
verapamil, isoflurane interactions, Abstract, 
194 
Heerdt ME, see Mazze RI 
Helium, see Gases 
Hendrickx HHL, Trahey GE, Argentieri MP, 
Paradoxical inhibition of decreases in 
body temperature by use of heated and 
humidified gases, Letter, 393 
Henling CE, see Diaz JH 
Henriksen EH, see Abboud TK 
Henthorn TK, see Shanks CA 
Heparin, see Blood, anticoagulants 
Heroin, see Analgesics 
Heykants J, see Camu F 
Heyman HJ, Salem MR, Klimov I, Persistent 
sixth cranial nerve paresis following 
blood patch for postdural puncture 
headache, 948 
Hickey RF, see Gerson JI 
Hilgenberg JC, Stoelting RK, King RD, Direct 
cardiac index determination using a 
thermodilution computer, Letter, 162 
Hil D, see Meuleman TR 
Hirshman CA, see Bennett MJ 
Histamine, ranitidine, Mendelson’s syn- 
drome, 130 
Hobbs EG, see Byrick RJ 
Hoffman WE, Satinover I, Miletich DJ, Al- 
brecht RF, Gans BJ, Cardiovascular 
changes during sodium nitroprusside 
or adenosine triphosphate infusion in 
the rat, 99 
Holaday DA, see Berman ML 
Holinger L, see El-Baz N 
Homma E 
see Kawahara M 
Collins JG, Kitahata LM, Spinal morphine 
analgesia: possible mechanisms in cats, 
Abstract, 188 
Homocystinuria, see Complications 
Hong JC, see Sohn YZ 
Hormones 
antidiuretic hormone, responses after su- 
fentanil and alfentanil anesthesia, 434 
growth hormone, responses after sufentanil 
and alfentanil anesthesia, 434 
insulin, maternal-fetal glucose homeostasis, 
32 
thyroid, anesthesia and hypothyroidism, 
371 
Hornbein TF, Eger EI II, Winter PM, Smith 
G, Wetstone D, Smith KH, The mini- 
mum alveolar concentration of nitrous 
oxide in man, 553 
Hosobuchi Y, see Way WL 


compression, 


Th 


—. 


Howell RE, see Cook DR 

Howie MB, Lingam RP, Reiley TE, Varma 
AB, Lee JJ, Plasma fentanyl levels nec- 
essary for maintenance of cardiovas- 
cular stability, Abstract, 188 

Howland D, see Steffey EP 

Hug CC 


‘*~ see Hammonds W 


see Kates RA 
see Moldenhauer CC 
Hughes DR, Faust RJ, Didisheim P, Tinker JH, 
Heparin monitoring during cardiopul-~ 
monary bypass in man: use of fluoro- 
genic heparin assay to validate acti- 
vated clotting time, Abstract, 189 
Hughes SC 
Abboud TK, Shnider SM, Stefani SJ, Nor- 
ton M, Maternal and neonatal effects 
of epidural morphine for labor, Ab- 
stract, 190 
Rosen MA, Shnider SM, Norton M, Curtis 
JD, Epidural morphine for the relief of 
postoperative pain after cesarean sec- 
tion, Abstract, 190 
Humidification, jet ventilation, coaxial jet ven- 
tilation catheter, 689 
Huntington CT, Cohn ML, Byrd SE, Com- 
bined use of epidural morphine and 
steroid in recurrent postsurgical low 
back pain syndrome, Abstract, 191 
Hurlbert BJ, Peters KR, Edelman JD, Serum 
potassium levels during and after rito- 
drine infusion in dogs, Abstract, 191 
Hydralazine, see Anesthetic techniques, hy- 
potensive 
Hyperthermia, malignant, isoflurane and, Let- 
ters, 711, 712 
Hypnotics, benzodiazepines 
cardiovascular effects, coronary artery dis- 
ease, Abstract, 217 
diazepam 
functional residual capacity and ventila- 
tion distribution, Abstract, 209 
induction agents and renal hemodynam- 
ics, 853 
fentanyl anesthesia and painful tooth pulp 
sensations, 751 
midazolam 
"i comparative cardiovascular effects, Ab- 
stract, 198 
intramuscular premedication, 933 
oil emulsion, Letter, 544 
thiopental hemodynamics and, 771 
Hypotension, see Anesthetic techniques, hy- 
potensive; Blood pressure; Complica- 
tions; Position; Shock 
Hypoxia 
cerebrovascular response to, barbiturate 
coma, Abstract, 179 
liver 
halothane-induced injury, 824 
hepatic injury, rats, 820 


Ido Y, Goto H, Lavin MJ, Robinson JD, Man- 
gold JV, Arakawa K, Effects of positive 
end-expiratory pressure on carotid 
blood flow during closed-chest cardio- 
pulmonary resuscitation in dogs, 557 
Imle PC, see Mackenzie CF 


INDEX 


Induction, anesthesia, midazolam and thio- 
pental hemodynamics, 771 
Induction, enzymes, see Biotransformation, 
Pharmacokinetics 
Ingram C, Frederickson E, Kutner MH, Har- 
per MH, Inappropriateness of statisti- 
cal methods used in evaluating post- 
anesthetic hepatic injury, Letter, 718 
Ingram CT, Floyd JB, Santora AH, Aortic and 
mitral valve replacement after sickle 
cell crisis, Letter, 802 
Insulin, see Hormones; Metabolism 
Intracranial pressure, see Brain 
Intravenous anesthesia, see Anesthetic tech- 
niques; Anesthetics, intravenous 
Intravenous regional anesthesia, see Anes- 
thetic techniques, regional 
Intubation, tracheal, fentanyl and postintu- 
bation hypertension, 680 
fons 
calcium, transport, enflurane and isoflurane 
effects, 142 
potassium 
chronic hypokalemia, Abstract, 221 
radiation and succinylcholine hyperka- 
lemia, 83 
Isoflurane, see Anesthetics, volatile 
Israel JS, DeKornfeld TJ, Recovery Room 
Care, Book review, 719 
Ivanetich KM, Bradshaw JJ, Brittain T, Limi- 
tations of the sodium fusion assay for 
fluorinated metabolites, 786 
Ivankovich AD 
see Cairoli VJ 
. see El-Baz N 
Braverman B, Shulman M, Klowden AJ, 
Prevention of nitroprusside toxicity 
with thiosulfate in dogs, 120 


James CJ, Gibbs CP, Nonparticulate antacid, 
Letter, 801 
James DJ 
Bedford RF, Hydralazine for controlled in- 
traoperative hypotension, Abstract, 
192. 
Bedford RF, Hydralazine for controlled hy- 
potension during neurosurgical opera- 
tions, 1016 
James FM, Wheeler AS, Obstetric Anesthesia: 
The Complicated Patient, Book review, 


626 

James FM IM, see Siegle JH 
Jane JA, see Bedford RF 
Jannetta PJ, see Grundy BL 
Jensik R, see El-Baz N 
Jobes DR 

see Ellison N 

see Schwartz AJ 
Johnson BH 
_ see Harper MH 

see Shingu K 

see Way WL 
Johnson SP, see Waller JL 
Jones JF, see Calkins JM 
Jones MD, see Donegan J 
Jordon WS 

see Pace NL 

see Westenskow DR 
Jørgensen J, see Kromann B 


Joseph MM, Shah K, Viljoen JF, Malignant 
hyperthermia associated with isoflur- 
ane anesthesia, Letter, 711 


Kalbfleisch JH, see Asiddao CB 

Kamal MM, see DeBoer GE 

Kanel J, see Calkins JM 

Kang SB, Continuous thoracic epidural anes- 
thesia for biliary tract surgery and 
postoperative pain relief in a patient 
with cystic fibrosis, 793 

Kang YG, Abouleish E, Caritis 5, Prophylactic 
intravenous ephedrine infusion during 
spinal anesthesia for cesarean section, 


see Lieberman RW 
see Waller JL 
Kaplan RF, see Martyn JAJ 
Kapur PA, Flacke WE, Olewine SK, Compar- 
ison of effects of isoflurane versus en- 
flurane on cardiovascular and cate- 
cholamine responses to verapamil in 
dogs, Abstract, 193 
Karenbelkar DJ, see Azar I 
Karis JH, Menzel DB, Inadvertent Joner of 
volatile anesthetics in anesthesia ma- 
chines, 53 
Kates RA 
Kaplan JA, Hug CC, Guyton R, Dorsey LM, 
Hemodynamic interactions of verapa- 
mil and isoflurane in dogs, Abstract, 
194 
Zaidan JR, Kaplan JA, Esophageal lead for 
intraoperative electrocardiographic 
monitoring, 781 
Katz RL 
see Lee C 
see Sohn YZ 
Stirt J, Murray AL, Lee C, Neuromuscular 
effects of atracurium in man, 730 
Kawahara M; Kitahata LM, Collins JG, 
Homma E, Thiopental suppression of 
neurons of the nucleus reticularis gi- 
gantocellularis of the cat, 763 
Kawar P, see Dundee JW . 
Kay JC, see Byrick RJ 
Keats AS, see Slogoff S 
Keenan RL, see Shiroka A 
Kelley M, see Baden JM 
Kenefick JP, Wexler HR, Gelb AW, Intrave- 
nous Labetalol in the management of 
postoperative hypertension, Abstract, 
195 
Kent G, see Kolton M 
Keszler H, see Klain M 
Ketamine, see Anesthetics, intravenous 
Khoo SS, see Abboud TK 
Kidney 
blood flow, induction agents and renal he- 
modynamics, 853 
diuretics, neurosurgery, Abstract, 213 
Kieraszewicz HT, see Knill RL 
King RD, see Hilgenberg JC 
Kissin I, see Tosone S 
Kitahata LM 
see Kawahara M 
see Homma E 


ANESTHESIA AND ANALGESIA 
Vol 61, No 12, DECEMBER 1982 


1041 


Kitahata LM—continued 
Collins JG, Narcotic Analgesics in Anes- 
thesiology, Book review, 480 
Kittle CF, see E]~Baz N 
Kitzmiller JL, see Datta S 
Klain M 
see Schuster DP 
Keszler H, Nordin U, Is jet ventilation with- 
out cuffed tube safe?, Abstract, 19 
Klemic N, see Mackenzie CF 
Klimov I, see Heyman HJ 
Klineberg PL, see Martin DE 
Klowden AJ, see Ivankovich AD 
Knill RL 
see Prato FS 
Clement JL, Kieraszewicz HT, Dodgson BG, 
Assessment of two noninvasive moni- 
tors of arterial oxygenation in anesthe- 
tized man, 582 
Koblin DD 
see Gillman MA 
Waskell L, Watson JE, Stokstad ELR, Eger 
EI Il, Nitrous oxide inactivates methi- 
onine synthetase in human liver, 75 
Koehler RC, see Donegan J 
Koht A, A potential hazard of thermodilution 
injection, Letter, 544 
Kolton M, Cattran CB, Kent G, Volgyesi G, 
Froese AB, Bryan AC, Oxygenation 
during high-frequency ventilation 
compared with conventional mechani- 
cal ventilation in two models of lung 
injury, 323 
Komai H, Rusy BF, Effect of halothane on 
rested-state and potentiated-state con- 
tractions in rabbit papillary muscle: re- 
lationship to negative inotropic action, 
403 
Komatsu T, Shibutani K, Bizzarri DV, Critical 
level of oxygen delivery in anesthe- 
tized man, Abstract, 196 
Koopman D, see Nauta J 
Kopman AF, Epstein RH, Flashburg MH, Use 
of 100-hertz tetanus as an index of 
recovery from pancuronium-induced 
non-depolarizing neuromuscular 
blockade, 439 
Kothary SP, see Domino EF 
Krall JM, see Myerberg DZ 
Kraus JW, see Manchikanti L 
Kromann B, Jørgensen J, Larsen S, Diazepam 
in an oil emulsion, Letter, 544 
Kuhnert L, see Berman ML 
Kuribayashi H, see Shimoji K 
Kutner MH, see Ingram C 
Kwik RSH, see Francis RN 


Labetol, see Sympathetic nervous system, al- 
pha-adrenergic antagonist ~ 
Lalli AF, see Gottlieb A - 
Lam AM 
see Gelb AW 
Gelb AW, Cardiovascular effects and gas 
exchange during isoflurane-induced 
hypotension for cerebral aneurysm 
surgery, Abstract, 197 
Lambert DH, Deane RS, Mazuzan JE Jr, An- 
esthesia and the control of blood pres- 
sure in patients with spinal cord injury, 


1042 


-ANESTHESIA AND ANALGESIA 
Vol 61, No 12, DECEMBER 1982 


INDEX 


344 
Lampert BA, see Gould DB 
Land PC, see Baden JM 
Lanz E, Theiss D, Riess W, Sommer U, Epi- 
dural morphine for postoperative an- 
algesia: a double-blind study, 236 
Larsen S, see Kromann B 
Lasers, see Equipment; Surgery, laryngoscopy 
Latto IP, see Rosen M 
Lavin M], see Ido Y 
Lazerson J, see Stengert KB 
Lear E, see Casthely PA 
Lear S, see Casthely PA 
Lebowitz PW 
see Martyn JAJ 
Cote ME, Daniels AL, Martyn JAJ, Teplick 
RS, Comparative cardiovascular effects 
of midazolam and thiopental in healthy 
patients, Abstract, 198 
Cote ME, Daniels AL, Ramsey FM, Martyn 
JAJ, Teplick RS, Davison JK, Compar- 
ative cardiovascular effects of midazo- 
lam and thiopental in healthy patients, 


771 
Lebrun M, see Delisle $ 
Lee C 
see Katz RL 
see Lippmann M 
see Steinbrook RA 
Yang E, Katz RL, Clinical neuromuscular 
pharmacology of BW 33A, Abstract, 
199 
Lee JJ, see Howie MB 
Leeman E, see Hameroff SR 
Lees DE, Vaughan MS, Vaughan RW, Liquid 
crystal thermometry, Letter, 803 
Legrand J-], see Dupre L-] 
Leibel WS, see Martyn JAJ 
Lell WA, see Tosone $ 
Levin J, see McCullough LS 
Levine RJ, Ethics and Regulation of Clinical 
Research, Book review, 480 
Levy JH, Rockoff MA, Anaphylaxis to meper- 
idine, 301 
Lichtig C, see Markiewicz W 
Lichtiger B, Dupuis JF, Seski J, Hernotherapy 
during surgery for Jehovah’s .Wit- 
nesses: a new method, 618 
Lichtigfeld FJ, see Gilman MA 
Lichtor JL 
see Friesen RH 
see Myerberg DZ 
Lidocaine, see Anesthetics, local 
Lieberman RW, Whalley DG, Kaplan JA, In- 
dications for pulmonary arterial cath- 
eterization, Letter, 477 
Limoge A, see Stanley TH 
Lind GL, Spiegel EH, Munson ES, Treatment 
of traumatic tooth avulsion, 469 
Lineberry C, see Basta SJ 
Lingam RP, see Howie MB 
Lippmann M 
Mok MS, Steen SS, Butorphanol anesthe- 
sia, Letter, 624 
Yang E, Au E, Lee C, Neuromuscular block- 
ing effects of tobramycin, gentamicin, 
and cefazolin 200 (Abstract), 767 
Lipton S, Miles J, Persistent Pain: Modem 
Methods of Treatment, Volume 3, 


e Book review, 626 
Lister G, see Rothstein P 
Lithium, see Pharmacology 
Littlewood DG 
see Chambers WA 
see Ravindran RS 
Liu P 
see Desai S 
Feldman HS, Covino BM, Giasi R, Covir 
BG, Acute cardiovascular toxicity « 
intravenous amide local anesthetics - 
anesthetized ventilated dogs, 317 
Liu W-S, Wong KC, Port JD, Andriano K 
Epinephrine-induced arrhythmias du 
ing halothane anesthesia with the a: 
dition of nitrous oxide, nitrogen, | 
helium in dogs, 414 
Liver 
blood flow, hepatotoxicity and surgic 
trauma, 79 
cirrhosis, portacaval shunt surgery, Al 
stract, 185 
enzymes, inactivated by nitrous oxide, 75 
halothane, injury, 824 
hepatotoxicity, and surgical trauma, 79 
hypoxia 
halothane-induced injury, 824 
injury rats, 820 . 
methionine synthetase, inactivated by r 
trous oxide, 75 
toxicity 
anesthetics, rats, 812 
halothane, 809 
Logan MR, see Ravindran RS 
Loop FD, see Estafanous FG 
Louville Y, see Stanley TH 
Love GF, see Moore DC 3 
Lung 
amine uptake, inhibition of 5-hydroxytry: 
tamine removal by free radicals, 666 
aspiration 
antacid, Abstract, 183 
antacids in rabbits, 288 
unilateral hydrochloric acid, Abstract 
207 
bronchi, intrathoracic large airway circun 
ference, 693 
bronchospasm, cardiopulmonary bypa: 
538 
capillary pressure, serum oncotic pressur 
496 . 
edema, during laparoscopy, 699 
intravascular pressures, capillary, Lette 
805 
oxygen toxicity, inhibition of 5-hydrox 
tryptamine removal by free radical 
666 
respiratory distress model, high-frequenc 
ventilation compared with conve) 
tional mechanical ventilation, 323 
serotonin uptake, inhibition of 5-hydrox' 
tryptamine removal by anesthetics, 6! 
shunting 
induced hypotension, 231 
one-lung anesthesia, 507 
serum, oncotic pressure, 496 
trachea, oxygen jet ventilation, Letter, 622 
venous admixture, during high-frequenx 
ventilation, dogs, 735 





Lynch C H, Rizor RF, Anesthetic management 
and monitoring of a parturient with 
mitral and aortic valvular disease, 788 


Maass L, see Messick JM 
MAC, see Potency, anesthetic 
Mackenzie CF, Ciesla N, Imle PC, Klemic N, 
Chest Physiotherapy in the Intensive 
Care Unit, Book review, 481 
Mackrell TN, see Gould DB 
Macnamara MD), see Park WY 
Macnamara TE, see Dubois MY 
Maktabi M, see Baraka A 
Maltby JR, see Williams RT 
Manchikanti L, Kraus JW, Edds SP, Cimeti- 
dine and related drugs in anesthesia, 
595 
Mangold JV, see Ido Y 
Manpower, changing medical specialties, 504 
Mantia AM, Gas scavenging systems, Letter, 
162 
Markand ON, see Moorthy SS 
Markiewicz W, Finberg JPM, Lichtig C, Mor- 
phine increases myocardial infarction 
size in rats, 843 
Markowitz AH, see Gerson JI 
Marrero O, see Rafferty TD 
Marseglia J| Jr, see Smith BE 
‘Marshall LF, see Shapiro HM 
Marshall WK, Bedford RF, Miller ED, He- 
modynamics during anesthesia in the 
seated position, Abstract, 201 
Marsh HM, see Baele PL 
Martin DE, Rosenberg H, Aukburg SJ, Bart- 
kowski RR, Edwards MW Ir, Green- 
how DE, Klineberg PL, Low-dose fen- 
tanyl blunts circulatory responses to 
tracheal intubation, 680 
Martin JT, see McCullough LS 
Martyn JA] 
see Lebowitz PW 
Leibel WS, Matteo RS, Pancuronium and 
metocurine or d-tubocurarine do not 
compete for the same binding sites in 
plasma or tissue, Abstract, 202 
Matteo RS, Greenblatt DI, Lebowitz PW, 
Savarese JJ, Pharmacokinetics of d- 
tubocurarine in patients with thermal 
wit injury, 241 
= © Matteo RS, Szyfelbein SK, Kaplan RF, Un- 
precedented resistance to neuromus- 
cular blocking effects of metocurine 
with persistence after complete recov- 
ery in a burned patient, 614 
Maruyama Y, see Shimoji K 
Marx P, see Barash PG 
Massengale MD, see Park WY 
Matloff | 
see Moffitt EA 
see Sethna D 
Matloff IM 
see Hoffman WE 
see Moffitt EA 
see Sethna D 
see Sethna DH 
Matteo RS, see Martyn JAJ 
Mayhew JF, Difficult spinal taps, Letter, 309 
Mazuzan JE Jr, see Lambert DH 
Mazze RI 


INDEX 


see Baden JM 
Woodruff RE, Heerdt ME, Isoniazid in- 
duces enflurane defluorination in man, 
Abstract, 202 
McCammon RL, see Moorthy $5 
McCullough LS, Nigrovic C, Wajskol A, Levin 
J, Martin JT, Release of catecholamines 
by succinylcholine in man, Abstract, 
203 
McGrath PA, see Gracely RH 
McKain CW, see Urban B} 
McKnight RL, see Boheler J 
McLeskey CH 
see Scuderi PE 
Brown FF Ul, Owens WD, Felts JA, Plasma 
catecholamine levels, Letter, 884 
McMichan JC, see Baele PL 
McQuay H, Weir L, Porter B, O'Sullivan G, 
Paterson G, Moore A, Bullingham R, 
A model for comparison of local an- 
esthetics in man, 418 
McQuay Hj, see Cowen M] 
Measurement techniques 
blood pressure, Letter, 476 
cardiac output 
thermodilution computer, Letter, 162 
thermodilution injection, Letter, 544 
Doppler ultrasound, positioning the flow 
detector probe, Letter, 69 
fluoride assay, limitations, 786 
liquid crystal thermometry, inaccuracy of, 
234 
neuromuscular blockade, 100-hertz tetanus 
and train-of-four, 439 
neuromuscular function, mechanical recov- 
ery after fazadinium, 225 
oximeter, evaluation of fiberoptic catheter, 
676 
oxygen, assessment of arterial oxygenation, 
582 
pain, fentanyl anesthesia and painful tooth 
pulp sensations, 751 
transcutaneous oxygen tension, trend indi- 
cator of arterial Po,, 252 
venous oxygen, continuous monitoring in 
critically ill patients, 513 
Mendiola J], Grylack LJ, Scanlon JW, Effects 
of intrapartum maternal glucose infu- 
sion on the normal fetus and newborn, 
32 
Mentelos R, see Rafferty TD 
Menzel DB, see Karis JH 
Meperidine, see Analgesics, narcotic 
Meranze |, Ellison N, Greenhow DE, Publi- 
cations resulting from anesthesia meet- 
ing abstracts, 445 
Meridy HW, Criteria for selection of ambu- 
latory surgical patients and guidelines 
for anesthetic management: a retro- 
spective study of 1553 cases, 921 
Merrill DG, Samuels SI, Silverberg GD, Ve- 
nous air embolism of uncertain etiol- 
ogy, 65 
Messick JM, Maass L, Faust RJ, Cucchiara RF, 
Duration of pancuronium neuromus- 
cular blockade in patients taking anti- 
convulsant medication, Abstract, 203 
Metabolism 
adenosine triphosphate, antiarrhythmic ac- 


+ 


tion of, dogs, 423 
cortisol, extradural diamorphine and stress, 
15 
diabetes, spinal anesthesia in diabetic par- 
turients, 662 
fasting, anesthetics and liver toxicity, rats, 
812 
glucose 
extradural diamorphine and stress, 15 
maternal-fetal glucose homeostasis, 32 
Methionine synthetase, see Enzymes 
Methohexital, see Anesthetics, intravenous 
Methoxyflurane, see Anesthetics, volatile 
Metocurine, see Neuromuscular relaxants 
Meuleman TR, Port D, Hill D, Pace NL, Stan- 
ley TH, Cardiovascular and pulmonary 
effects of serotonin antagonism before 
and during endotoxic shock in dogs, 
Abstract, 204 
Midazolam, see Hypnotics, benzodiazepines; 
Premedication 
Mignogna FV, see Yang JC 
Miles j, see Lipton S 
Miletich DJ, see Hoffman WE 
Miller ED, see Marshall WK 
Miller F, see Abboud TK 
Miller MJ, Tissue oxygenation in clinical med- 
icine: an historical review, 527 
Miller RD 
see Cronnelly R 
see Upton RA 
Anesthesia, Volumes 1 and 2, Book review, 
165 
Is atracurium an ideal neuromuscular 
blocking drug?, 721 
Moffitt E 
see Sethna D 
see Sethna DH 
Moffitt EA 
see Sethna D 
see Sethna DH 
Sethna D, Gray R, DeRobertis M, Bussell 
J, Matloff J, Rate-pressure product cor- 
relates poorly with MVo, during anes- 
thesia in coronary patients, Abstract, 
204 
Sethna DH, Bussell JA, Raymond M, 
Matloff JM, Gray RJ, Myocardial me- 
tabolism and hemodynamic responses 
to halothane or morphine anesthesia 
for coronary artery surgery, 979 
Mogos B, Phillips P, Apfelbaum R, Duncalf 
D, Is right atrial catheterization always 
indicated for anesthesia in the sitting 
position?, Abstract, 205 
Mok MS, see Lippmann M 
Moldenhauer CC, Hug CC, Continuous infu- 
sion of fentanyl for cardiac surgery, 
Abstract, 206 
Molitch ME, Management of Medical Prob- 
lems in Surgical Patients, Book review, 
1027 
Momnet Y, see Etchia A 
Moncorge C, see Vourc'h G 
Monitoring 
blood pressure, digital and sampled-data 
control during halothane anesthesia, 
1010 
electrocardiography, esophageal lead, 781 


ANESTHESIA AND ANALGESIA 
Vol 61, No 12, DECEMBER 1982 


1043 


Monitoring— continued 
esophageal, electrocardiography, 781. 
evoked potentials 
carotid endarterectomy, 879 
effects of anesthetics on brainstem audi- 
tory evoked potentials, 338 
somatosensory, neurosurgical opera- 
tions, Abstract, 186 
nerve, 100-hertz tetanus and train-of-four, 
439 
oxygen, assessment st arterial oxysenation, 
582 
stimulator, 100-hertz tetanus and train-of- 
- four, 439 . 
‘ temperature, inaccuracy of liquid crystal 
thermometry, 284 
Moon GJ, Pericardial effusion and severe 
tachycardia, 384 
Moore A > 
see Cowen MJ 
see McQuay H 
Moore DC 
see Riggi SJ 
Spierdijk J, vanKleef JD, Coleman RL, Love 
GF, Chloroprocaine neurotoxicity: four 
additional cases, 155 
Moore RA, Geller E, Clark D, Superficial 
cervical plexus damage as a result of a 
back roll, 471 
Moorthy. 55 
see Wagner DL 
Markand ON, Dilley RS, McCammon RL, 
Warren CH Jr, Somatosensory-evoked 
responses during . carotid end- 
arterectomy, 879 
Morishima HO; see Pedersen H 
Morison DH, Dunn GL,. Fargas-Babjak AM, 
Moudgil GC, Smedstad K, Woo J, A 
double-blind comparison of cimetidine 
and ranitidine as prophylaxis against 
gastric aspiration syndrome, 988 
Morphine, see Analgesics; Anesthetics, intra- 
venous; Premedication 
Morrell F, see Ford EW 
Morris L, see Bedford RF 
Morris PJ, see Todd MM 
Morrow DH, see Saleh SA 
Moss J 
see Todd MM 
see Tomichek RC 
Moudgil GC, see Morison DH 
Mouradian E, see Baraka A 
Moyers JR, see Bastard OG 
Muallem M, see Baraka A 
Muller J, see Ravindran RS 
Multiple sclerosis, see Complications 
Mummaneni N, see Rao TLK 


see Williamson DC HI 

Murakawa T, see Fukuda S 

Murkin JM, Anesthesia and hypothyroidism: 
a review of thyroxine physiology, 
pharmacology,. and anesthetic impli- 
cations, 371 

Murphy M, see Eyler SW 

Murphy ME, see Eyler SW 

Murray AL, see Katz RL 

Mutch WAC, Culligan JD, Cote DD, Thom- 


1044 


ANESTHESIA AND ANALGESIA 
Vol 61, No 12, DECEMBER 1982 


_ an INDEX re 
aaa ae At an E 


son IR, Hemodynamic effects of intra- 
venous nitroglycerin: importance of 
the delivery system, 927 
Mye DZ, Krall JM, Friesen RH, Lichtor 
, Blood pressure measurements in 
infants, Letter, 956 


Nadkarni AV, Tondare AS, Localized clonic 
convulsions after spinal anesthesia 
with lidocaine and epinephrine, 945 
Najak Z, see Hammonds W . 
Nalbuphine, see Analgesics; Antagonists, nar- 
cotic 
Naloxone, see Antagonists, narcotic 
Nance P, see Chapin JW 
Narcotics, see Analgesics, narcotic 
Nardi D, see Rafferty TD 
Nathan H, see Sprigge JS 
Naulty JS 
see Datta 5 
see Steinbrook RA 
Nauta J, de Lange S, Koopman D, Spierdijk J, 
van Kleef J, Stanley TH, Anesthetic 
induction with alfentanil: a new short- 
acting narcotic. analgesic, 267 
Nenad RE, see Bentley JB 
Nenad RE Jr, see Bentley JB 
Nerve 
conduction, margin of safety for transmis- 
sion, 561 
damage, postoperative, back roll, 471 
differential sensitivity, local anesthetics, 570 
hypoosmotic solutions, neural responses to, 
. 912 
stimulator 
transcutaneous, narcotic requirements 
and, Abstract, 216 
transcutaneous, postoperative pain man- 
agement, 449 
transcutaneous cranial electrical in reduc- 
tion of narcotic requirements, 863 
Neuromuscular relaxants 
atracurium 
blocking drug, 721 
clinical pharmacology, 169 (Abstract), 
199 (Abstract), 723 
neuromuscular effects, 730 
bretylium, effect on neuromuscular trans- 
mission, 442 
fazadinium, mechanical recovery after, 225 
gallamine, bolus and infusion administra- 
tion, 847 
metocurine, burned patient, 614 
norcuron, pharmacokinetics of, Abstract, 
176 
pancuronium 
adverse drug interaction, 473 
antagonism of, Abstract, 178 
anticonvulsant medications and, Ab- 
stract, 203 
binding sites, plasma or tissues, Abstract, 
202 
_ elimination of, rats, 313 
100-hertz tetanus and train-of-four, 439 
neuromuscular transmission and lithium, 
399 
pharmacokinetics of, Abstract, 176 
succinylcholine 
congenital pyruvate kinase deficiency, 


bp RTI MORO BE gt, oan 


e 620 
plasma cholinesterase activity and tach. 
yphylaxis, 941 
radiation and hyperkalemia, 83 
release of catecholamines, Abstract, 203 
d-tubocurarine 
- burns and pharmacokinetics of, 241 
effect on neuromuscular transmission 
442. 
neuromuscular transmission and lithium 
399 
vecuronium, dinana of, rats, 313 
Neuromuscular transmission, lithium, 399 
Nevelsteen M, see d'Hollander AA 
Ngeow YF, see Rafferty TD 
Nguyen L, see Cronnelly R 
Nguyen T-L, see Upton RA 
Niebauer MJ, see Ralston SH 
Nielsen CH 
see Bromage PR 
see Camporesi EM 
Nigrovic C, see McCullough LS 
Nishimura K, see Tatekawa $ 
Nitroglycerin, see Anesthetic techniques, hy. 
potensive; Pharmacology; Surgery 
cardiac 
Nitroprusside, see Anesthetic techniques, hy 
potensive; Pharmacology m 
Nitrous oxide, see Anesthetics, gases 
Noback CR, Isoflurane versus enflurane ir 
aortic stenosis, Abstract, 206 . 
Norcuron, see Neuromuscular relaxants 
Nordin U, see Klain M 
North AF, see Sawhney KK 
Norton M, see Hughes SC_- 
Noueihid R, see Baraka A . 
Nydahl P-A, see Rawal N 


Obesity, see Complications 
Obstetric anesthesia, see Anesthesia, obstetric 
Odoom JA, Sih IL, Respiratory depressior 
after intrathecal morphine, Letter, 70 
Oguchi K, see Ueda I 
Olewine SK, see Kapur PA 
Ominsky AJ, see Schwartz AJ 
Orkin FK, see Schwartz AJ 
Ostelius J, see Rawal N 
Ostheimer GW | 
see Datta S 
see Warren TM 
O’Sullivan G, see McQuay H 
Otto CW 
see Blitt CD 
see Waterson CK 
Outpatient anesthesia, see Anesthesia, out 
patient 
Overbeek JJ, see Sia RL 
Owens WD 
see Brown FF H 
see McLeskey CH 
Oximeter, see Measurement techniques, ox- 
ygen 
Oxygen 
consumption, continuous Vo, and Voo 
measurements during endotracheal an- 
esthesia, 362 
measurement, fiberoptic catheter oximeter 
676 
mixed venous, continuous monitoring ir 


anp 


s 


critically ill patients, 513 ° 
monitoring, assessment of arterial oxygen- 
ation, 582 
tension 


critical level in anesthesia Abstract, 196 
general anesthesia, 950 
transcutaneous, as trend indicator of ar- 
terial Poy 252 
tissue, clinical medicine, 527 
toxicity, inhibition of 5-hydroxytryptamine 
removal by free radicals, 666 


Pace NL -> 
see Meuleman TR 
see Westenskow DR 
Westenskow DR, East TD, Jordon WS, Dif- 
ferential lung ventilation following 
unilateral hydrochloric acid aspiration 
in the dog, Abstract, 207 
Pain ) 
bladder, treatment with transsacral nerve 
block, 46 
experimental, effect of intranasal cocaine in 
man, 358 
measurement, fentanyl renen and 
painful tooth pulp sensations, 751 
` mechanism, dual-system hypothesis, Letter, 
886 ` r 
postoperative 7 
brachial plexus block for relief after mas- 
tectomy, 986 
epidural morphine for relief of, 93, 236 
local anesthetics in man, 418 
management by fenoprofen and mor- 
phine, 1002 
pulmonary function and, Abstract, 171 
spinal cord stimulation, facilitation of pri- 
mary afferent depolarization, 410 
trigger points, surgical scars, 518 
Pancuronium, see Neuromuscular relaxants 
Pantazis KL, see Ravindran RS 
Parker EO 
see Schwartz AJ 
DeVore R, Central cannulation: difficulty 
with an errant guide wire, Letter, 394 
Parker FB Jr, see Gerson JI 
Park WY, Poon KC, Massengale MD, Mac- 
namara TE, Direction of the needle 
bevel and epidural anesthetic spread, 
Abstract, 208 
Parris WCV, Quimby CW Jr, Anesthetic con- 
siderations for the patient with homo- 
cystinuria, 708 
Partition coefficients, see Solubility 
Pasque MK, see Christian CM 
Patel K, see Cairoli VJ 
Patel YC, see Sprigge JS 
Paterson G, see McQuay H 
Paterson GMC, see Cowen MJ 
Pedersen H, Morishima HO, Finster M, Ar- 
thur GR, Covino BG, Pharmacokinetics 
of etidocaine in fetal and neonatal 
lambs and adult sheep, 104 
Pediatric anesthesia, see Anesthesia, pediatric 
Penis, see Anesthetic techniques, regional; 
Complications; priapism 


‘Peptides, brain, anesthesia effects, Abstract, 
~q 


“Pericardium, see Heart 


223 


INDEX 


Peridural, see Anesthetic techniques, epidural 
Peters KR, see Hurlbert BJ 
Peters RM, see Sise MJ 
Pham NA, see Azar I 
Pharmacokinetics 
aging and fentanyl, 968 
alfentanil, man, 657 
etidocaine, effects in fetal and neonatal 
lambs and adult sheep, 104 
fentanyl, aortocoronary bypass surgery, 972 
gallamine, bolus and infusion administra- 
tion, 847 
inhalation anesthetics, comparison by 
three-compartment linear model, 587 
intravenous, epinephrine and spinal anes- 
thesia, rhesus monkey, 746 
ketamine, plasma levels in surgical patients, 
87 
subarachnoid, epinephrine and spinal an- 
esthesia, rhesus monkey, 746 
d-tubocurarine, in patients with thermal in- 
jury, 241 
Pharmacology 
adenosine, hypotensive effects of, 273 
adenosine triphosphate, hypotensive effects 
of, 273 


aminophylline, Letter, 307 
adverse drug interaction with pancuro- 
nium, 473 
cardiovascular effects with ketamine, 
dogs, 685 
theophylline drug incompatibilities, Let- 
ter, 547 
chloralose, effects of anesthetics on brain- 
stem auditory evoked potentials, 338 
dopamine, reduction of hypoxic ventilatory 
drive, 333 
lithium, and neuromuscular transmission, 
399 
nitroglycerin 
absorption to polyvirylchloride, 541 
coronary artery surgery, Abstract, 177 
hemodynamic effects of, 927 
vasodilation with, Letter, 887 
nitroprusside, vasodilation with, Letter, 887 
ranitidine, prophylaxis against Mendelson’s 
syndrome, 130 
ritodrine, serum potassium levels during, 
Abstract, 191 
sodium nitroprusside, hypotensive effects 
of, 273 
tachyphylaxis, cholinesterase and succinyl- 
choline, 941 
Phero JC, see Denson DD 
Philbin DM 
see de Lange S 
see Sebel PS 
see Todd MM 
see Tomichek RC 
Phillips P, see Mogos B 
Phythyon JM, see Berman ML 
Pneumoperitoneum, see Complications 
Pohl LR, Gillette JR, A perspective on halo- 
thane-induced hepatotoxicity, 809 
Polypeptides, endorphins, plasma and cere- 
brospinal fluid levels, pregnancy and 
parturition, 893 
Poon KC, see Park WY 
Port D, see Meuleman TR 


ANESTHESIA AND ANALGESIA 
Vol 81, No 12, DECEMBER 1982 


Port JD, see Liu W-S 
Porter B, see McQuay H 
Position, effects 
seated, Abstract, 201 
siting, right atrial catheterization, Abstract, 
205 
Positive end-expiratory pressure, see Venti- 
lation 
Potassium, see Ions 
Potency, anesthetic, MAC 
clonidine reduction of halothane MAC, 741 
nitrous oxide, 553 
Prato FS, Knill RL, Diazepam sedation reduces 
functional residual capacity and alters 
- the distribution of ventilation in man, 
Abstract, 209 
Pregnancy, endorphins, plasma aid serbi: 
spinal fluid levels, 893 
Premedication, midazolam, intramuscular 
premedication, 933 
Priano LL, Alteration of renal hemodynamics 
by thiopental, diazepam, and ketamine 
in conscious dogs, 853 
Priapism, see Complications 
Procaine, see Anesthetics, local 
Procopio PT, see Grundy BL - 
Propranolol, see Heart; Sympathetic nervous 
system, sympatholytic agents 
Protannine: see Blood, coagulation 
Pseudocholinesterase, see cholinesterase a 
der Biotransformation (drugs); 
- zymes 
Publications 
duplications and fragmentation in, Letters, 
1024 
resulting from abstracts,445 >, 
Pyles ST, Scher KS, Vega ET, Harrah JD, 
Rubis LJ, Cannulation of the dorsal 
radial artery: a new technique, 876 


Quan SF, see Waterson CK 
Quimby CW Jr, see Parris WCV 


Radiation, see Complications 
Rafferty TD, Marrero O, Nardi D, Schachter 
EN, Mentelos R, Ngeow YF, Transcu- 
taneous Po, as a trend indicator of ar- 
terial Po, in normal anesthetized adults, 
252, 
Rah KH, see Shiroka A 
Raj PP, see Denson DD 
Ralston SH, Babbs CF, Niebauer MJ, Cardio- 
pulmonary resuscitation with inter- 
posed abdominal compression in dogs, 
645 ` i 
Ramanathan $ 
see Sivakumaran C 
Arismendy J, Gandhi 5, Chalon J, Turndorf 
H, Coaxial catheter for humidification 
during jet ventilation, 689 
Chalon J, Satyanarayana T, Arismendy J, 
Turndorf H, Continuous and simulta- 
neous on-line measurements of Vo, 


1045 


+ 


Ramanathan S— continued 
and Vco, during endotracheal anesthe- 
sia, 362 
Gandhi 5, Arismendy J, Chalon J, Turndorf 
H, Oxygen transfer from mother to 
fetus during cesarean section under 
epidural anesthesia, 576 


Gandhi S, Arismendy J, Chalon J, Turndorf 
H, Relationship between Pao, and fetal 
oxygenation during cesarean section 
under epidural anesthesia, Abstract, 
210 

Ramsey FM, see Lebowitz PW ; 

Ranitidine, see Gastrointestinal tract, stomach; 
Histamine; Pharmacology 

Rao TLK, Mummaneni N, El-Etr AA, Con- 
vulsions: an unusual response to intra- 
venous fentanyl administration, 
1020 ; 

Rattenborg, CC, Via~-Reque, E, Clinical Uses 
of Mechanical Ventilation, Book re- 
view, 959 

Ravindran RS 

see Viegas OJ 

Bates ML, Strausburg BJ, Chambers WA, 
Littlewood DG, Logan MR, Scott DB, 
Epinephrine and duration of spinal an- 
esthesia, Letter, 395 

Cummins DF, Pantazis KL, Strausburg BJ, 
Baenziger JC, Unusual aspects of low 
levels of pseudocholinesterase in a 
pregnant patient, 953 

Dryden GE, Somerville GM, Treatment of 
priapism with ketamine and physostig- 
mine, 705 

Gupta CD, Stoops CA, Epidural analgesia 
in the presence of herpes simplex virus 
(type 2) infection, Letter, 714 

Turner MS, Muller J, Neurologic effects of 
subarachnoid administration of 2-chlo- 
roprocaine-CE, bupivacaine, and low 
pH normal saline in dogs, 279 

Ravin MB, Problems in Anesthesia: A Case 
Study Approach, Book review, 311 
Rawal N, Sjostrand UH, Dahlstrom B, Nydahl 
P-A, Ostelius J, Epidural morphine for 
postoperative pain relief: a compara- 
tive study with intramuscular narcotic 
and intercostal nerve block, 93 
Raymond M 
see Moffitt EA 
- see Sethna D 
see Sethna DH 
Raymond M] 
see Sethna D 
see Sethna DH 
Receptors, Ha, ranitidine and Mendelson’‘s 
syndrome, 130 I 
Rees DI, Wansbrough SR, One-lung anesthe- 
sia: percent shunt and arterial oxygen 
tension during continuous insufflation 
of oxygen to the nonventilated lung, 
507 . 
Reilley TE, see Howie MB 
Reisner LS, Bicitra is 0.3 molar sodium citrate, 
Letter, 80T i 
Resuscitation, see Anesthesia, obstetric; Com- 
plications, cardiac arrest; Heart; Shock; 
Transfusion; Ventilation, artificial 


1046 


ANESTHESIA AND ANALGESIA 
Vol 61, No 12, DECEMBER 1982 


INDEX 


Reves JG 
see Dundee JW 
see Tosone 5 
see Vipik HR 
Ricker SM, see Stirt JA 
Ridgley E, see Saleh SA 
Riess W, see Lanz E 
Riggi SJ, Moore DC, Chloroprocaine: neuro- 
toxicity and formulations in perspec- 
tive, Letter, 715 
Ritodrine, see Pharmacology 
Rizor RF, see Lynch C M 
Roaf E, see Desai S 
Roberts JT, see Fahmy NR 
Robinson JD, see Ido Y 
Rocco AG, Francis DM, Wark JA, Concepcion 
MA, Covino BG, A clinical double- 
blind study of dibucaine and tetracaine 
in spinal anesthesia, 133 
Rockoff MA, see Levy JH 
Roemer MI, Ambulatory Health Services in 
America: Past, Present and Future, 
Book review, 398 
Roe SD, see Stirt JA 
Rogers MC, see Donegan J 
Rogge P, see Eisele JH 
Roizen MF, Turkey K, Ebert PA, Frazer BA, 
Blood flow, not low Og or pH, causes 
catechol response to shock in lambs, 
Abstract, 210 
Ronfeld RA, see de Jong RH 
Rosenberg H, see Martin DE 
Rosen M, Latto [P, Shang W, Handbook of 
Percutaneous Central Venous Cathet- 
erisation, Book review, 398 
Rosen MA, see Hughes SC 
Rosko TJ, Stirt JA, Sullivan SF, Aminophyl- 
line, Letter, 307 
Rosner Mj, see Schettini A 
Rosow CE, see Tomichek RC 
Rothstein P, Lister G, Epiglottitis: clinical 
course and criteria for extubation, Ab- 
stract, 211 
Rowlingson JC 
see Friedman GA 
see Simon DL 
Rubis LJ, see Pyles ST 
Rucquoi M, see Camu F 
Rusy BF, see Komai H 


Safar P, see Grenvik A 

Saleh SA, Crawford ES, Bomberger RA, Ridg- 
ley E, Morrow DH, Intraoperative 
acid-base management for the resec- 
tion of thoracoabdominal aortic aneu- 
rysms: a comparison of continuous in- 
fusion of sodium bicarbonate versus 
the bolus, Abstract, 213 

Salem MR, see Heyman HJ 

Sampliner JE, see Berk JL 

Samuelson PN, see Dundee JW 


Samfiels SI, see Merrill DG 
Santora AH, see Ingram CT 
Sarnquist FH, Demas K, The silent ventilator, 
Letter, 713 
Satinover I, see Hoffman WE 
Sato S, see Dubois MY 
Satyanarayana T, see Ramanathan S 
Savarese J] 
see Basta SJ 
see Martyn JAJ 
Sawa T, see Colgan FJ 
Sawhney KK, North AF, Anesthesia circuit 
tube support strap, Letter, 160 
Scanlon JW, see Mendiola J . 
Scavengers, see Equipment, exhaust systems 
Schachter EN, see Rafferty TD 
Scheijgrond H, see Starre Pvd 
Scherer K, see Hameroff SR 
Scher KS, see Pyles ST 
Schettini A, Stahurski B, Young HF, Rosner 
MJ, Plasma electrolytes and electrolyte 
excretion during osmotic and com- 
bined osmotic-loop diuresis in neuro- 
surgery, Abstract, 213 
Schimek F, Chapman CR, Gerlach R, Colpitts 
YH, Varying electrical acupuncture 
stimulation intensity: effects on dental 
pain-evoked potentials, 499 ~ 
Schneider RC, see Tomichek RC 
Schuster DP, Snyder JV, Klain M, Compari- 
son of venous admixture during high- 
frequency ventilation and conven- 
tional ventilation in oleic acid-induced 
pulmonary edema in dogs, 735 
Schwam SJ, Pulmonary capillary wedge pres- 
sure, Letter, 805 
Schwartz AJ 
see Ellison N 
Ellison N, Jobes DR, Parker EO, DeVore R, 
Errant guide wire: the problem, Letter, 
717 
Ellison N, Ominsky AJ, Orkin FK, Ad- 
vanced CPR-—-student, teacher, admin- 
istrator, researcher, 629 
Scott DB 
see Chambers WA 
see Ravindran RS 
Scuderi PE, McLeskey CH, Comer PB, Emer- 
gency percutaneous transtracheal ven- 
tilation during anesthesia using readily 
available equipment, 867 
Sebel PS 
Bovill JG, Cardiovascular effects of sufen- 
tanil anesthesia, 115 ` 
Bovill JG, Fiolet J, Touber JL, Philbin DM, 
Hormonal effects of sufentanil anes- 
thesia, Abstract, 214 
Seeman RG, see Burrows FA 
Sellick CL, see Stengert KB 
Seltzer JL 
see Gerson JI. 
Veloski J, Changing specialties: do anesthe- 
siologists differ from other physicians?, 
504 
Serotonin 
antagonism, endotoxic shock, Abstract, 204 
postoperative hypertension, coronary ar- 
tery bypass surgery, Abstract, 216 1, 
pulmonary uptake 


inhibition of 5-hydroxytryptamine re- 
moval by free radicals, 666 
inhibition of 5-hydroxytryptamine re- 
moval by anesthetics, 671 
Seski J, see Lichtiger B 
Sethna D 
see Moffitt EA 
Gray R, Bussell J, Raymond M, Matloff J, 
Moffitt E, Further studies on the myo- 
cardial metabolic effects of protamine 
sulfate following cardiopulmonary by- 
pass, Letter, 476 
Moffitt EA, Gray RJ, Bussell J, Matloff JM, 
Raymond MJ, Intravenous nitroglyc- 
erin and myocardial metabolism dur- 
ing anesthesia in patients undergoing 
myocardial revascularization, Abstract, 
215 
Sethna DH 
see Moffitt EA 
Gray RJ, Moffitt EA, Bussell JA, Raymond 
MJ, Conklin CM, Matloff JM, Dobu- 
tamine and cardiac oxygen balance in 
patients following myocardial revas- 
cularization, 917 
Moffitt E, Gray RJ, Bussell J, Raymond M, 
Conklin C, Matloff JM, Effects of prot- 
amine sulfate on myocardial oxygen 
supply and demand in patients follow- 
ing cardiopulmonary bypass, 247 
Moffitt EA, Bussell JA, Raymond M], 
Matloff JM, Gray RJ, Intravenous ni- 
troglycerin and myocardial metabo- 
lism during anesthesia in patients un- 
dergoing myocardial revascularization, 
$28 
Moffitt EA, Gray RJ, Bussell J, Raymond 
M, Conklin C, Shell WE, Matloff JM, 
Cardiovascular effects of morphine in 
patients with coronary arterial disease, 
109 
Shackford SR, see Sise M] 
Shah K, see Joseph MM 
Shang W, see Rosen M 
Shanks CA, Funk DI, Avram M], Henthorn 
TK, Gallamine administered by com- 
bined bolus and infusion, 847 
Shapiro HM, Yoachim J, Marshall LF, Nitrous 
oxide challenge for detection of resid- 
ual intrayascular pulmonary gas fol- 
lowing venous air embolism, 304 
Shell WE, see Sethna DH 
Shibutani K, see Komatsu T 
Shimizu H, see Shimoji K 
Shimoji K, Shimizu H, Maruyama Y, Matsuki 
M, Kuribayashi H, Fujioka H, Dorsal 
column stimulation in man: facilitation 
of primary afferent depolarization, 
410 
Shingu K 
Eger EI H, Johnson BH, Hypoxia per se can 
produce hepatic damage without death 
in rats, 820 
Eger EI IH Johnson BH, Hypoxia may be 
more important than reductive metab- 
olism in halothane-induced hepatic in- 
jury, 824 


* Shiroka A, Rah KH, Keenan RL, Broncho- 


spasm during cardiopulmonary by- 


INDEX 


pass, 538 
Shnider SM 
see Abboud TK 
see Hughes SC . 
Shock, catechol response, blood flow effects, 
Abstract, 210 
Shulman M, see Ivankovich AD 
Shunt, see Lung; Oxygen, gradients; Surgery, 
neurological; Ventilation 
Sia RL 
Boonstra S, Westra P, Haenen HTM, Wes- 
seling H, An electroencephalographic 
study of 4-aminopyridine, 354 
Zandstra DF, Overbeek JJ, Continuous in- 
travenous anesthesia with etomidate 
for CO; laser surgery of the larynx, 
993 
Sickle cell disease, see Blood 
Siegle JH, Dewan DM, James FM III, Cerebral! 
infarction following spinal anesthesia 
for cesarean section, 390 
Sih IL, see Odoom JA 
Sill JC, see Baele PL 
Silverberg GD, see Merrill DG 
Simon DL, Carron H, Rowlingson JC, Treat- 
ment of bladder pain with transsacral 
nerve block, 46 
Sise MJ, Shackford SR, Peters RM, Virgilio 
RW, Serum oncotic pressure and on- 
cotic-hydrostatic pressure differences 
in critically ill patients, 496 
Sivakumaran C, Ramanathan $S, Chalon J], 
Turndorf H, Uterine contractions and 
the spread of local anesthetics in the 
epidural space, 127 
Sjostrand UH, see Rawal N 
Skin, transcutaneous oxygen tension, trend 
indicator of arterial Po,, 252 
Slawson KB, see Davie IT 
Slogoff S, Girgis KZ, Keats AS, Etiologic fac- 
tors in neuropsychiatric complications 
associated with cardiopulmonary by- 
pass, 903 
Slonim NB, Hamilton LH, Respiratory Physi- 
ology, Fourth Edition, Book review, 
73 
Smedstad K, see Morison DH 
Smith BE, Gabel RA, Marseglia JJ Jr, Farese 
G, Computer programs for acid-base 
variables, Letter, 475 
Smith G, see Hornbein TF 
Smith KH, see Hornbein TF 
Smith LR, see Tosone § 
Smith NT, see Fukui Y 
Snyder IV, see Schuster DP 
Sohn YZ, Hong JC, Katz RL, Antiarrhythmic 
and hemodynamic responses to aden- 
osine triphosphate during infusion of 
epinephrine in dogs anesthetized with 
halothane, 423 


Solubility 
blood-gas partition coefficient, enflurane, 
1006 
partition coefficients, local anesthetics, 
50 


Somato-sensory evoked potentials, see Brain, 


evoked potentials; Monitoring, evoked 
potentials 
Somerville GM, see Ravindran RS 


ANESTHESIA AND ANALGESIA 
Vol 61, No 12, DECEMBER 1982 


Sommer U, see Lanz E 
Soper LE, see Vitez TS 
Soper PG, see Vitez TS 
Southorn PA, see Baele PL 
Spiegel EH, see Lind GL 
Spierdijk ] 
see Moore DC 
see Nauta ] 
Spinal anesthesia, see Anesthetic techniques 
Spinal cord 
injuries, anesthesia and autonomic hyper- 
reflexia, 344 
stimulation, facilitation of primary afferent 
depolarization, 410 
Spitznagel EL Jr, see Brown FF HI 
Sprague DH, Wolf S, Enflurance seizures in 
patients taking amitriptvline, 67 
Spray TL, see Christian CM 
Sprigge JS, Wynands JE, Whalley DG, Bevan 
DR, Townsend GE, Nathan H, Patel 
YC, Srikant CB, Fentanyl infusion an- 
esthesia for aortocoronary surgery: 
plasma levels and hemodynamic re- 
sponse, 972 
Srikant CB, see Sprigge JS 
Stahurski B, see Schettini A 
Stanley TH 
see de Lange S 
see Meuleman TR 
see Nauta | 
Cazalaa JA, Atinault A, Coeytaux R, Limoge 
A, Louville Y, Transcutaneous cranial 
electrical stimulation decreases nar- 
cotic requirements during neurolept 
anesthesia and operation in man, 
$63 
Limoge A, Cazalaa J, Louville Y, Transcu- 
taneous cranial electrical stimulation 
decreased narcotic requirements dur- 
ing neuroleptanesthesia and operation 
in man, Abstract, 216 
Starre Pvd, Scheijgrond H, Ketanserin, a spe- 
cific 5 HT.-receptor blocker, in treat- 
ment of postoperative hypertension 
following coronary artery bypass sur- 
gery, Abstract, 216 
Statistics, methods 
linear regression, Letter, 956 
postanesthetic hepatic injury, 
718 
Steen PA, Bromage PR, Camporesi EM, Du- 
plication and fragmentation in publi- 
cation, Letter, 1024 
Steen 55, see Lippmann M 
Stefani SJ, see Hughes SC 
Steffey EP, Woliner M, Howland D, Evalua- 
tion of an isoflurane vaporizer: the Cy- 
prane Fortec, 457 
Steinbrook RA, Carr DB, Datta 5, Naulty JS, 
Lee C, Fisher J, Dissociation of plasma 
and cerebrospinal fluid beta-endor- 
phin-like immunoactivity levels during 
pregnancy and parturition, 893 
Stengert KB, Sellick CL, Lazerson J, Halo- 
thane-induced platelet dysfunction, 
Abstract, 217 
Stephenson LW, see Ellison N 
Stieglitz P, see Dupre L-] 
Stirt |, see Katz RL 


Letter, 


1047 


Stirt JA 
see Rosko T] 
Succinylcholine in congenital pyruvate ki- 
nase deficiency, 620 
Berger JM, Roe SD, Ricker SM, Sullivan SF, 
Cardiovascular effects of ketamine fol- 
lowing adminstration of aminophylline 
in dogs, 685 
Frantz RA, Gunz EF, Conolly ME, Anesthe- 
sia, catecholamines, and hemodynam- 
ics in autonomic dysfunction, 701 
Stoelting RK 
see Hilgenberg JC 
see Wagner DL 
Stokstad ELR, see Koblin DD 
Stoops CA 
see Ravindran RS 
see Viegas OJ 
Strausburg BJ, see Ravindran RS 
Succinylcholine, see Neuromuscular relaxants 
Sufentanil, see Analgesics 
Sullivan SF 
see Rosko TJ 
see Stirt JA 
Sumi SM, see Barsa J 
Sunder N 
see Basta SJ 
see Fahmy NR 
Surgery 
cardiac, hemodynamics of intravenous ni- 
troglycerin, 927 
cardiovascular 
dobutamine and myocardial metabolism, 
917 . 
facial paleness, Letter, 475 
hypotension following, 387 
neuropsychiatric complications of by- 
pass, 903 
nitroglycerin and myocardial metabo- 
lism, 828 
systemic vascular resistance in, Abstract, 
181 
carotid endarterectomy, complications of, 
631 
coronary artery bypass, antidiuretic and 
growth hormone responses following 
sufentanil and alfentanil in man, 434 
neurologic, somatosensory-evoked poten- 
tials, 879 
Swan-Ganz, see Equipment, catheters, flow- 
directed 
Sympathetic nervous system 
adrenergic receptors, clonidine reduction of 
halothane MAC, 741 
alpha-adrenergic agonists, clonidine, halo- 
thane safety and, Abstract, 173 
alpha~adrenergic antagonists, labetalol, 
postoperative hypertension, Abstract, 
195 
anesthesia, catecholamines and hemody- 
namics, autonomic dysfunction, 701 
catecholamine blood levels, after adminis- 
tration of naloxone, 349 
catecholamines, plasma levels, 366, 884 
(Letter) 
dobutamine, myocardial metabolism, 917 
epinephrine 
plasma levels during anesthesia, 366 
spinal anesthesia and, rhesus monkey, 


1048 


+ 


ANESTHESIA AND ANALGESIA 
Vol 61, No 12, DECEMBER 1982 


INDEX 


746 

local anesthetics, vascular smooth muscle, 
rabbit, 756 

norepjnephrine, plasma levels during an- 
esthesia, 366 

sympatholytic agents, propranolol for is- 
chemic myocardium, 10 

sympathomimetic agents, ephedrine, cesar- 
ean section, 839 

Szyfelbein SK, see Martyn JA] 


Tachyphylaxis, see Pharmacology 
Takeshita H, see Fukuda $ 
Tanner G, Pharmacokinetics of inhalation an- 
esthetics: a three-compartment linear 
model, 587 
Tarazi RC, see Estafanous FG 
Tarhan, S, Cardiovascular Anesthesia and 
Postoperative Care, Book review, 958 
Tatekawa S, Yukioka H, Nishimura H, Friji- 
mori M, New adaptor for intravascular 
electrocardiogram, Letter, 884 
Teeth, see Anesthesia, dental; Complications, 
dental; Pain, experimental 
Temperature 
body 
heated and humidified gas effects, Letter, 
393 
measurements of, 284 
measurement, liquid crystal thermometry, 
Letter, 803 
TenEyck LG, see Colgan FJ 
Teplick RS, see Lebowitz PW 
Tetracaine, see Anesthetics, local 
Theiss D, see Lanz E 
Thiopental, see Anesthetics, intravenous 
Thompson M, see Blanck TJ] 
Thomson IR 
see Mutch WAC 
Gerson JI, Allen FB, Vasodilation with ni- 
troprusside and nitroglycerin, Letter, 
887 
Thornton JA, Adverse Reactions to Anaesth- 
etic Drugs, Book review, 550 
Thyroid, see Hormones 
Tinker JH, see Hughes DR 
Tobramycin, see Antibiotics 
Toda N, see Fukuda S 
Todd MM, Morris PJ, Moss J, Philbin DM, 
Hemodynamic consequences of abrupt 
withdrawal of nitroprusside or nitro- 
glycerin following induced hypoten- 
sion, 261 
Tomichek RC, Rosow CE, Schneider RC, 
Moss J, Philbin DM, Cardiovascular 
effects of diazepam-fentanyl anesthe- 
sia in patients with coronary artery 
disease, Abstract, 217 
Tondare AS, see Nadkarni AV 
Torchia MG, see Cote DD 
Tormo VJ, see Visconti JA 
Tosone S, Reves JG, Kissin I, Smith LR, Lell 
WA, Nifedipine and halothane inter- 
action: hemodynamic depression in 
dogs, Abstract, 218 


Touber JL, see Sebel PS 
Townsend GE, see Sprigge JS 
Toxicity 
cyanide, prevention with thiosulfate i 
dogs, 120 
enflurane, reproductive toxicity of in mic 
19 
halothane, hepatic injury, 824 
hepatic, halothane, 809 
liver, anesthetics, rats, 812 
local anesthetics 
cardiovascular effects of convulsant an 
supraconvulsant doses, 3 
2-chloroprocaine-CE and bupivacaine i 
dogs, 279 
intravenous amide, dogs, 317 
in vivo study, 961 
neurotoxicity, responses to hypoosmot 
solutions, 912 
Trachea, see Lung 
Tracheal tubes, see Equipment, endotrache: 


tubes 
Trahey GE, see Hendrickx HHL 
Transcutaneous, see Measurement _ tect 


niques, blood gases; Nerve, stimulant 
Transfusion 
auto, hemotherapy, 618 
hemolysis, mechanical effects on packe 
erythrocyte transfusion, 776 
Transsacral, see Anesthetic techniques, re 
gional 
Traystman RJ, see Donegan J 
Trichet B, see Vourc'h G 
Tricyclic antidepressants, see Ataractics 
Trump BE, see Cowley RA 
Tsuji T, see Fukuda 5 
d-Tubocurarine, see Neuromuscular relaxant 
Turkey K, see Roizen MF 
Turndorf H 
see Bernhard WN 
see Ramanathan 5 
see Sivakumaran C 
Turner M, see Cowen MJ 
Turner MS, see Ravindran RS 
Turner PA, see Denson DD 
Tyler E, Caldwell C, Ghia JN, Transcutaneot 
electrical stimulation: an alternatiy 
approach to the management of pos 
operative pain, 449 


Ueda I, Oguchi K, Arakawa K, True oil/wate 
partition coefficients of procaine an 
lidocaine and estimation of their dis 
sociation constants in organic solvent 


56 
Upton RA, Nguyen T-L, Miller RD, Castag 
noli N Jr, Renal and biliary eliminatio 
of Vecuronium (ORG NC 45) and pan 
curonium in rats, 313 
Urban BJ, McKain CW, Onset and progre: 
sion of intravenous regional anesthesi 
with dilute lidocaine, 834 
Urzua J 
see Estafanous FG 
see Zurick AM 


om 


Van Dyke RA, Hepatic centrilobular neerosis 
in rats after exposure to halothane, 
erflurane, or isoflurane, 812 

van Kleef J, see Nauta J 

vanKleef JD, see Moore DC 

Van Trigt P, see Christian CM 

Vaporizers, see Equipment, vaporizers 

Varkey GP, Anesthetic Considerations in the 
Surgical Repair of Intracranial Aneu- 
rysms, Book review, 890 

Varma AB, see Howie MB 

Vaughan MS 

see Lees D 

Cork RC, Vaughan RW, Inaccuracy of liq- 
uid crystal thermometry to identify 
core temperature trends in postopera- 
tive adults, 284 

Vaughan RW 

see Calkins JM 

see Lees D 

see Borel JD 

see Vaughan MS 

Vecuronium, see Neuromuscular relaxants 

Vega ET, see Pyles ST 

Veins 

jugular 


cannulation, 536 


ple cannulation, errant guide wire, Letters, 


— 


394, 717 
Veloski J, see Seltzer JL 
Vender JS 
Epstein HM, Clifford C, Preadmission test- 
ing: it can make a difference!, Abstract, 
219 
Watts DR, Differential diagnosis of hand 
ischemia in the presence of an arterial 
cannula, 465 
Ventilation 
continuous positive pressure, effects on ca- 
rotid flow during cardiopulmonary re- 
suscitation, dogs, 557 
high frequency, 138 
compared with conventional mechanical 
ventilation in lung infury, 323 
gas mixing and dead space during 
HFPPV, 483 
jet pulse characteristics, 293 
lung surgery, Abstract, 180 
optional guidelines, Abstract, 222 
safety without cuffed tube, Abstract, 195 
tracheal recénstruction, 796 
venous admixture, dogs, 735 
ventilatory requirements during, Ab- 
stract, 175 
hypoxic, reduction by dopamine, 333 
jet, coaxial catheter for humidification dur- 
ing, 689 
oncotic pressure, serum and hydrostatic 
pressure differences in critically ill pa- 
tients, 496 
positive end-expiratory pressure, effect on 
carotid blood flow during cardiopul- 
monary resuscitation, dogs, 557 
resuscitation, interposed abdominal com- 
pression, dogs, 645 
transtracheal, emergency ventilation using 
available equipment, 867 
. Ventilators, see Equipment 
Verapamil, see Heart; Pharmacology 


INDEX 


Via-Reque, E, see Rattenborg, CC 
Viegas OJ 
Ravindran RS, Stoops CA, Duration of ef- 
ficacy of sodium citrate as an, antacid, 
Abstract, 220 
Ravindran RS, Stoops CA, Duration of ac- 
tion of sodium citrate as an antacid, 
Letter, 624 
Viljoen JF, see Joseph MM 
Vinik HR 
see Dundee JW 
Reves JG, Wright D, Premedication with 
intramuscular midazolam: a prospec- 
tive randomized double-blind con- 
trolled study, 933 
Virgilio RW, see Sise MJ 
Visconti JA, Tormo VJ, Dasta JF, Aminophyl- 
line-theophylline drug incompatibili- 
ties, Letter, 547 
Vitez TS, Soper LE, Soper PG, Chronic hy- 
pokalemia does not increase anesthetic 
dysrhythmias, Abstract, 221 
Volgyesi G, see Kolton M 
Vourc'h G, Berretti E, Trichet B, Moncorge C, 
Camey M, Gas embolism associated 
with use of lasers for urethral surgery, 
Letter, 160 
Vucicevic D, see Cairoli VJ 


Wagner DL, Moorthy SS, Stoelting RK, Ad- 
ministration of  anticholinesterase 
drugs in the presence of beta-adrener- 
gic blockade, 153 

Wajskol A, see McCullough LS 

Waller JL 

Johnson SP, Kaplan JA, Usefulness of pul- 
monary artery catheters during aorto- 
coronary bypass surgery, Abstract, 221 

Kaplan JA, Bauman DI, Craver JM, Clinical 
evaluation of a new fiberoptic catheter 
oximeter during cardiac surgery, 676 

Wansbrough SR, see Rees DI 

Ward DS, Bellville JW, Reduction of hypoxic 
ventilatory drive by dopamine, 333 

Wark JA, see Rocco AG 

Warren CH Jr, see Moorthy $5 

Warren TM, Datta S, Ostheimer GW, Lumbar 
epidural anesthesia in a patient with 
multiple sclerosis, 1022 

Waskell L 

see Koblin DD 

Gonzales J, Dependence of microsomal me- 
thoxyflurane O-Demethylation on cy- 
tochrome P-450 reductase and the stoi- 
chiometry of fluoride ion and formal- 
dehyde release, 609 

Waterson CK 

see Calkins JM 

Calkins JM, Quan SF, Otto CW, Hameroff 
SR, High-frequency jet ventilation op- 
erational guidelines, Abstract, 222 

Watson JE, see Koblin DD 

Watts DR, see Vender JS 

Waud BE 

see Welch GW 


ANESTHESIA AND ANALGESIA 
Vol 61, No 12, DECEMBER 1982 


Farrell L, Waud DR, Lithium and neuro- 
muscular transmission, 399 
Waud DR, see Waud BE 
Way WL, Hosobuchi Y, Eger EI 0, Johnson 
BH, Anesthesia does not increase ce- 
rebrospinal fluid opioid peptides in 
humans, Abstract, 223 
Weir L, see McQuay H 
Weiss JB, see Datta S 
Welch, MH, see Guenter, CA 
Welch GW, Waud BE, Effect of bretylium on 
neuromuscular transmission, 442 
Welch WD, see Eyler SW 
Wesseling H, see Sia RL 
Westenskow DR 
see Pace NL 
Jordon WS, Pace NL, Intraoperative moni- 
toring of arterial Poo,: comparing end- 
tidal and transcutaneous sensors, Ab- 
stract, 223 
Westra P, see Sia RL 
Wetstone D, see Hornbein TF 
Wexler HR, see Kenefick JP 
Whalley DG 
see Lieberman RW 
see Sprigge JS 
Wheeler AS, see James FM 
Whisler WW, see Ford EW 
Whitesell RC, see Asiddao CB 
Wildsmith JAW, Brown DT, Isobaric spinal 
anesthesia, Letter, 714 
Williamson DC UI, Munson ES, Correlation 
of peripheral venous and arterial blood 
gas values during general anesthesia, 
950 
Williams RT, Maltby JR, Airway intubator, 
Letter, 309 
Winter PM, see Hornbein TF 
Wolf $, see Sprague DH 
Woliner M, see Steffey EP 
Wong KC, see Liu W-S 
Woodruff RE, see Mazze RI 
Woo J, see Morison DH 
Woo SW, Ambulatory Anesthesia Care, In- 
ternational Anesthesiology Clinics, 
Volume 20, Book review, 807 
Woolf CR, The Clinical Core of Respiratory 
Medicine, Book review, 1027 
Wright BD, see Bennett R 
Wright D, see Vinik HR 
Wright R, see Eisele JH 
Wright WA, see Blitt CD 
Wynands JE, see Sprigge JS 


Yang E 
see Lippmann M 
see Lee C 
see Lippmann M 
Yang JC, Clark WC, Dooley JC, Mignogna 
FV, Effect of intranasal cocaine on ex- 
perimental pain in man, 358 
Yarbrough JW, see Chapin JW 
Yared J-P, see Zurick AM 
Yoachim J, see Shapiro HM 
Yost L, see Bernhard WN 


1049 


e 


Young HF, see Schettini A 
Yukioka H, see Tatekawa $ 


Zaidan JR, see Kates RA 


1050 


ANESTHESIA AND ANALGESIA ` 


Vol 61, No 12, DECEMBER 1982 


INDEX 


Zandstra DF, see Sia RL 
Zaret B, see Barash PG 
Zsigmond EK, see Domino EF 
Zurick AM 
see Estafanous FG 
Urzua J, Yared J-P, Estafanous FG, Com- 


e parison of hemodynamic and hor- 
monal effects of large single-dose fen- 
tany! anesthesia and halothane/nitrous 
oxide anesthesia for coronary artery 


surgery, 521 


A 


A Guide for Authors 


Manuscripts should be sent to: 
Nicholas M. Greene, M.D. 
Editor in Chief 
Anesthesia and Analgesia 
Yale University School of Medicine 
333 Cedar Street 
New Haven, Connecticut 06510 


Editorial Policies 


Manuscripts are accepted for consideration with the understand- 
ing that, except in review articles; the material they present has not 
been previously published and is not presently under consideration 
for publication elsewhere. Authors will be asked to transfer copy- 
right of articles accepted for publication to the International An- 
esthesia Research Society. 


Types of Materials. The Journal publishes original articles, clin- 
ical reports, review articles, and letters to the editor. Original 
articles describe in 3000 words or less clinical or laboratory inves- 
tigations. Clinical reports describe in 1000 words or less either (a) 
new and instructive case reports, or (b) anesthetic techniques or 
equipment of demonstrable originality, usefulness, and safety. 
Review articles of 2500 to 4000 words collate, describe, and evaluate 
previously published material for the establishment of new con- 
cepts. Letters to the editor, less than 300 words in length, include 
brief constructive comments concerning previously published ar- 
ticles or brief notations of general interest. Preliminary or incom- 
plete reports are not accepted, nor are manuscripts containing 
fragments of material better incorporated into a single paper. 


Peer Review. All papers are reviewed by three or more referees. 
Acceptance is based upon significance, originality, and validity of 
the material presented. Only one copy of articles not accepted for 
publication will be returned to authors. 


Legal and Ethical Considerations. Information or illustrations 
must not permit identification of patients. Reports describing data 
obtained from experiments performed in humans must contain a 
statement in the Methods that institutional approval of the inves- 
tigation and informed consent were obtained. Reports describing 
data obtained from experiments performed in animals must clearly 
indicate that humane standards equal to those described by the 
American Physiological Society were employed. 

[lustrations and other materials taken from other sources must 
be properly credited and assurance provided that permission for 
reproduction has been obtained from the copyright owner and 
author. 


Editing. All papers will be edited for clarity, style, factual accu- 
racy, internal logic, and grammar. Papers extensively copy edited 
will be returned to the author(s) for retyping. Editing will include 
the addition, following the Abstract, of key words for indexing 
purposes. 


Manuscripts 


Manuscripts must be prepared and submitted in the manner 
described in “Uniform Requirements for Manuscripts Submitted 
to Biomedical Journals” as described in Annals of Internal Medicine 
1979; 90: 95-9, and Lancet 1979; 1: 428-30. 

Type manuscripts on white bond paper, 20.3 by 26.7 cm or 21.6 
by 27.9 cm (8 by 104 in or 8} by 11 in) or ISO A4 (212 by 297 mm) 
with margins of at least 2.5 cm (1 in). Use double spacing through- 


out, including title page, abstract, text, acknowledgments, refer- 
ences, tables, and legends for illustrations. 

Begin each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, tables 
(each table, complete with title and footnotes, on a separate page), 
and legends. Number pages consecutively, beginning with the title 
page. Type the page number in the upper right-hand corner of each 
page. 

Illustrations must be good quality, unmounted glossy prints, 
usually 12.7 by 17.3 cm (5 by 7 in), but no larger than 20.3 by 25.4 
cm {8 by 10 in). 

Submit three copies of manuscript and figures in heavy-paper 
envelope. Submitted manuscript should be accompanied by cov- 
ering letter which includes the name and mailing address of the 
author to whom correspondence should be addressed. 

Authors should keep copies of everything submitted. 

Title Page. The title page should contain [1] the title of the 
article, which should be concise but informative; [2] a short running 
head or footline of no more than 40 characters (count letters and 
spaces) placed at the foot of the title page and identified; [3] first 
name, middle initial, and last name of each author, with highest 
academic degree(s); [4] name of department(s) and institution(s) to 
which the work should be attributed; [5] disclaimers, if any; [6] 
name and address of author responsible for correspondence about 
the manuscript; [7] name and address of author to whom requests 
for reprints should be addressed, or statement that reprints will not 
be available from the author; [8] the source(s) of support in the 
form of grants, equipment, drugs, or all of these. 

Abstract and Key Words. The second page should carry an 
abstract of not more than 150 words. The abstract should state the 
purposes of the study or investigation, basic procedures (study 
subjects or experimental animals and observational and analytic 
methods), main findings (give specific data and their statistical 
significance, if possible), and the principal conclusions. Emphasize 
new and important aspects of the study or observations. Define all 
abbreviations except those approved by the International System 
of Units. 

Key (indexing) terms. Below the abstract, provide and identify as 
such, three to 10 key words or short phrases that will assist indexers 
in cross-indexing your article. 

Text. The text of observational and experimental articles is 
usually—but not necessarily—divided into sections with the head- 
ings Introduction, Methods, Results, and Discussion. Long articles 
may need subheadings within some sections to clarify their content, 
especially the Results and Discussion sections. Case reports and 
reviews do not require the above sections. 

Introduction. Clearly state the purpose of the article. Summarize 
the rationale for the study or observation. Give only strictly perti- 
nent references, and do not review the subject extensively. 

Methods. Describe your selection of the observational or exper- 
imental subjects (patients or experimental animals, including con- 
trols) clearly. Identify the methods, apparatus (manufacturer's 
name and address in parentheses), and procedures in sufficient 
detail to allow other workers to reproduce the results. Give refer- 
ences to established methods, including statistical methods; provide 
references and brief descriptions of methods that have been pub- 
lished but are not well known; describe new or substantially 
modified methods, give reasons for using them, and evaluate their 
limitations. 

Include numbers of observations and the statistical significance 
of the findings when appropriate. Detailed statistical analyses, 
mathematical derivations, and the like may sometimes be suitably 
presented in the form of one or more appendixes. 


+ 


Results. Present your results in logical sequence in the text, 
tables, and illustrations. Do not repeat in the text all the data in the 
tables and/or illustrations: emphasize or summarize only important 
observations. 

Discussion. Emphasize the new and important aspects of the 
study and conclusions that follow from them. Do not repeat in 
detail data given in the Results section. Include in the Discussion 
the implications of the findings and their limitations and relate the 
observations to other relevant studies. Link the conclusions with 
the goals of the study but avoid unqualified statements and conclu- 
sions not completely supported by your data. Avoid claiming 
priority and alluding to work that has not been completed. State 
new hypotheses when warranted, but clearly label them as such. 
Recommendations, when appropriate, may be included. 


References. Number references consecutively in the order in 
which they are first mentioned in the text. Identify references in 
text, tables, and legends by arabic numerals {in parentheses). 
References cited only in tables or in legends to figures should be 
numbered in accordance with a sequence established by the first 
identification in the text of the particular table or illustration. 

Use the form of references adopted by the U.S. National Library 
of Medicine and used in Index Medicus. Use the style of the 
examples cited at the end of this section, which have been approved 
by the National Library of Medicine. 

The titles of journals should be abbreviated according to the 
style used in Index Medicus. Consult the “List of Journals Indexed,” 
printed annually in the January issue of Index Medicus. 

The only acceptable references to journal articles or abstracts are 
those appearing in peer-reviewed journals. Abstracts in peer-re- 
viewed jourrials are acceptable only if less than 4 years old. List 
articles accepted for publication but not yet in print as “in press.” 
Three copies of “in press” references must accompany each article 
submutted for editorial review. Articles submitted but not yet 
accepted for publication must be cited in the text as “unpublished 
data”. (in parentheses). 

‘References must be verified by the author(s) against the original 
documents. 

Examples of correct forms: 


Journal ` l 

1. Standard Journal Article (List all authors when six or less; when seven or 
more, list only first three and add et al) 
Soter NA, Wasserman Sl, Austen KF. Cold urticaria: release into the 


- circulation of histamine and eosinophil chemotactic factor of anaphy- 
laxis during cold challenge. N Engl J Med 1976;294:687-90 


2. Corporate Author 


The Committee on Enzymes Di the Scandinavian Society for Clinical 

‘ Chemistry and Clinical Physiology. Recommended method for the 
determination of a a ai in blood. Scand J Clin Lab 
Invest 1976;36:119-25, -` 


Anonymous. Epidemiology for primary health care. Int ] Epidemiol 
1976;5:224-5. 


Books and Other Monographs 


3. Personal Author(s) 
Osler AG. Complement: mechanisms and functions. Englewood Cliffs: 
Prentice-Hall, 1976. 


Fs, , 


- 


4. Corporate Author i 


American Medical Association Department of Brugs. AMA drug eval- 
uations. 3rd ed. Littleton: Publishing Sciences Group, 1977., 


5. Editor, Compiler, Chairman as Author 
Rhodes AJ, Van Rooyen CE, comps. Textbook of virology: for students 
and practitoners of medicine and the other health sciences. 5th ed. 
Baltimore: Williams & Wilkins, 1968. 


6. Chapter in Book 
. Weinstein L, Swartz MN. Pathogenic properties of invading microor- 
' ganisms. In: Sodeman WA Jr, Soderian WA, eds. Pathologic physiol- 
ogy: mechanisms of disease. Philadelphia: WB Saunders, 1974:457-72. 


7. Agency Publication 
National Center for Health Statistics. Acute conditions: incidence and 
associated disability, United States July 1968-June 1969. Rockville, Md.: 
National Center for Health Statistics, 1972. (Vital and health statistics. 
Series 10: Data from the National Health Survey, no. 69} (DHEW 
publication no. (HSM)72-1036). 


Tables. Type each table on a separate sheet; remember to double 
space. Do not submit tables as photographs. Number tables con- 
secutively and supply a brief title for each. Give each column a’ 
shorbor abbreviated heading. Place explanatory matter in footnotes, 
not in the heading. Explain in footnotes all nonstandard abbrevia- 
tions that are used in each table. For footnotes, use the following 
symbols in this sequence: *, t, $, § |, T #, **, tt... . Identify 
statistical measures of variation such as SD and SEM. 

Omit internal horizontal and vertical rules. 

Cite each table in the text in consecutive order. 

If you use data from another published or unpublished source, 
obtain permission and acknowledge fully. 

The editor on accepting a manuscript may recommend that 
additional tables containing important backup data too extensive 
to be published may be deposited with the National Auxiliary 
Publications Service or made available by the author(s}. In that | 
event, an appropriate statement will be added to the text. Submit 
such tables for consideration with the manuscript. 


Illustrations. Submit three complete sets of figures. Figures 
should be professionally drawn and photographed; freehand or 
typewritten lettering is unacceptable. Instead of original drawings, 
roentgenograms, and other material, send sharp, glossy black-and- 
white photographic prints, usually 12.7 by 17.3 em (5 by 7 in) but 
no larger than 20.3 by 25.4 cm (8 by 10 in). Letters, numbers, and 
symbols should be clear and even throughout, and of sufficient size 
that when reduced for publication each item will still be legible. 
Titles and detailed explanations belong in the legends for illustra- 
tions, not on the illustrations themselves. 

Each figure should have a label pasted on its back indicating the 
number of the figure, the names of the authprs, and the top of the 
figure. Do not write on the back of the figures or mount them on 
cardboard, or scratch or mar them using paper clips. Do not bend 
figures. 

Photomicrographs must have internal scale markers. Symbols, 
arrows, or letters used in the photomicrographs should contrast 
with background. 

If photographs of persons are used, either the subjects must not 
be identifiable or their pictures must be accompanied by written 
permission to use the photograph. 

Cite each figure in the text in consecutive order. If a figure iv 
been published, acknowledge the original source and submit writ- 
ten permission from the copyright holder to reproduce the material. 
Permission is required, regardless of authorship or puPHene: ex- 
cept for documents in the public domain. 

For illustrations in color, supply color negatives or positive 
transparencies and, when necessary, accompanying drawings 


- marked to indicate the region to be reproduced; in addition, send 


two positive color prints to assist editors in making recommenda- 
tions. Some journals publish illustrations in color only if the au- 
thor pays for the extra cost. 


Legends for Illustrations. Type legends for illustrations double 
spaced, starting on a separate page with arabic numerals corre- 
sponding to the illustrations. When symbols, arrows, numbers, or 
letters are used to identify parts of the illustrations, identify and 
explain each one clearly in the legend. Explain internal scale and 
identify method of staining in photomicrographs. 


Abbreviations. Define all abbreviations except those approved 
by the International System of Units for amount of substance, 
mass, length, time, temperature, electric current, and luminous 
intensity. Do not synthesize new or unusual abbreviations. When 
many abbreviations are used, include ‘all in a box of definitions at 
the start of the article. 


When it comes to infection control, this 
Ohio mask has a clear advantage. 


why not com- 
ol program with 
estnesia 


Especially when the Ohio Disposable 


A ~ | HOI ~ ; ` Y - f T F . 
Mask helps you combat nosocomial 


infection. And contributes to your insight 
into your patients status. 


See-through patient monitoring. 


The Ohio Disposable Mask is transpar- 
ent. It maximizes visual access to your 
patient. 


You instantly see expelled foreign mat- 
ter in the mask. So you can take fast. 
corrective measures to prevent aspira- 
tion and assure airway patency. 


By monitoring lip color and watching the 
formation of condensation on this trans- 
parent mask, you can get a better grasp 
of your patient's clinical status. You view 
clouding and clearing of the cone with 
each breath. And you study lip color to 
analyze both temperature and relative 
oxygen perfusion. 


Single-use convenience. 

Use the Ohio Disposable Mask once.. 
and simply throw it away. Then, you 
dont have to worry about insufficient 


cleaning and sterilization. Or that the 
mask might pick up pathogens prior to 
use. 


Gently conforms to your 

patient's face. 

The Ohio Disposable Mask is available 
in three sizes to fit a wide variety of facial 
features. 

The soft, malleable cushion holds its 
shape to help provide a tight seal and 
minimize facial marking. And the shape 
of the cone makes holding the mask 
easier. less tiresome for you. 


Call your Ohio representative today. And 
find out how this new disposable mask 
makes a clear-cut contribution to your 
infection control program. 


UNiO Medical Products 


) > ine 
10 Auco Drive PO Box 7550 Madison. Wisconsin 53707 
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Over 900 million administrations throughout the world. 
Well over 125 million administrations in the 
United States alone. 


Somewhere in the world—every two seconds— someone makes another decision 
į use T EUOTHANE” (halothane, U.S.P). And for good reasons: 


O FLUOTHANE has been more widely investigated than any other 
inhalation anesthetic. 
















O The FLUOTHANE experience shows association with hepatotoxicity 
to be extremely rare! According to conclusions drawn from the 
United States National Halothane Study and other studies,* unex- 
plained jaundice following anesthesia with halothane “..was arare 
occurrence (approximately 1:30,000 administrations) anc...the over- 
all safety record of the anesthetic was excellent.”? | 


n FLUOTHANE “...is nearest to the ideal [inhalation anesthetic] pr pres- 
< ently available for children of all ages.’ | 








| D 5 FLUOTHANE has been recommended as the | anesthetic of choice’ 4 : 





) And, of particular benefit in geriatrics and cardiovascular surgery: 
— Excessive respiratory de epression is rarely a problem wih 
- FLUOTHANE. Nor does it produce an increase in salivary or a 
bronchial secretions. | 2 















retrospective analysis covering 456,000 general emesthesias—x nearly one: shard, l i A 
Bunker, LP etak: ‘The National Hal othone. Study. Washington: De Gi om 
 Otfice, 1969. . ; . fobs 





the most widely used inhalation 
anesthetic in the world 


(halothane, U.S.P) 


for a wide variety of 
techniques and procedures in patients of all ages 


(Complete text of package circular.) 
Description. FLUOTHANE, brand of halothane, 
U.S.P, is an inhalation anesthetic. it is 2- 
bromo-2-chioro-1, 1, 1-trifluoroethane and has 
the following structural formula: 








F Br 
N 
F C—C Ci 
S 
F H 


The specific gravity is 1.872-1.877 at 20°C, 
and the boiling point (range) is 49°C -51°C at 
760 mm Hg. The vapor pressure is 243 mm Hg 
at 20°C, The blood/gas coefficient is 2.5 at 
37°C, and the olive oil/water coefficient is 220 
at 37°C. Vapor concentrations within anesthetic 
range are nonirritating and have a pleasant 
odor. FLUOTHANE is nonflammable, and its 
vapors mixed with oxygen in proportions from 
0.5 to 50 per cent (v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When moisture 
is present, the vapor attacks aluminum, 
brass, and lead, but not copper Rubber, some 
plastics, and similar materials are soluble in 
FLUOTHANE; such materiais will deteriorate 
rapidly in contact with FLUOTHANE vapor or 
liquid. Stability of FLUOTHANE is maintained 
by the addition of 0.01 per cent thyme! (w/w), 
up to 0.00025% ammonia (w/w), and storage 
iS in amber colored bottles. 

FLUOTHANE should not be kept indefinitely 
in vaporizer bottles not specifically designed for 
its use. Thymol does not volatilize along with 
FLUOTHANE, and therefore accumulates in 
the vaporizer, and may, in time, impart a yelow 
color to the remaining liquid or to wicks in 
vaporizers. The development of such discolora- 
tion may be used as an indicator that the vapor- 
izer should be drained and cleaned, and the 
discolored FLUOTHANE (halothane, U.S.P) 
discarded. Accumulation of thymol may be 
removed by washing with diethyl ether. After 
cleaning a wick or vaporizer, make certain all 
diethyl ether has been removed before reusing 
the equipment to avoid introducing ether into 
the system, 

Actions. FLUOTHANE is an inhalation anes- 
thetic. Induction and recovery are rapid 

and depth of anesthesia can be rapidly al- 
tered. FLUOTHANE progressively depresses 
respiration. There may be tachypnea with 
reduced tidal volume and alveolar ventilation. 


FLUOTHANE is not an irritant to the respiratory 
tract, and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal and 
laryngeal reflexes are rapidly obtunded. H 
causes bronchodilation. Hypoxia, acidosis, or 
apnea may develop during deep anesthesia. 
FLUOTHANE reduces the blood pressure, 
and frequently decreases the pulse rate. The 
greater the concentration of the drug, the more 
evident these changes become. Atropine may 
reverse the bradycardia. FLUOTHANE does not 
cause the release of catecholamines from adre- 
nergic stores. FLUOTHANE also causes dilation 
of the vessels of the skin and skeletal muscles. 
Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include nodal 
rhythm, AV dissociation, ventricular extrasys- 
tales and asystole. FLUOTHANE sensitizes the 
myocardial conduction system to the action of 
epinephrine and norepinephrine, and the com- 
bination may cause Serious cardiac arrhyth- 
mias. FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces moder- 
ate muscular relaxation. Muscle relaxants are 
used as adjuncts in order to maintain lighter 
levels of anesthesia, FLUQTHANE augments 
the action of nondepoiarizing relaxants and 
ganglionic blocking agents. FLUOTHANE is a 
potent uterine relaxant. 
indications. FLUOTHANE (halothane, U.S.P) is 
indicated for the induction and maintenance of 
general anesthesia. 
Contraindications. FLUOQTHANE is not recom- 
mended for obstetrical anesthesia except when 


„uterine relaxation is required. 


Warnings. When previous exposure to 
FLUOTHANE was followed by unexplained 
jaundice, consideration should be given to the 
use of other agents. 

FLUOTHANE should be used in vaporizers 
that permit a reasonable approximation of out- 
put, and preferably of the calibrated type. The 
vaporizer should be placed out of circuit in 
closed circuit rebreathing systems; otherwise 
overdosage is difficult to avoid. The patient 
should be closely observed for signs of overdos- 
age, Le., depression of blood pressure, pulse 
rate, and ventilation, particularly during 
assisted or controlled ventilation. 

Usage in Pregnancy. Safe use of 
FLUOTHANE has not been established with 
respect to possible adverse effects upon fetal 
development. Therefore, FLUOTHANE should 
not be used in women where pregnancy is 





possible and particularly during early pregnancy, 
uniess, in the judgment of the physician, the 
potential benefits outweigh the unknown haz- 
ards to the fetus. 

Precautions. The uterine relaxation obtained 
with FLUOTHANE, unless carefully controled, 
may fail to respond to ergot derivatives and oxy- 
tocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal fluid... 
pressure. Therefore, in patents with markedly -4 
raised intracranial pressure, if FLUOTHANE is 
indicated, administration should be preceded 
by measures ordinarily used to reduce cerebro- 
spinal fluid pressure. Ventilation should be 
carefully assessed, and it may be necessary to 
assist or control ventilation to insure adequate 
oxygenation and carbon dioxide removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane, U.S.P.}) anesthesia 
since their simultaneous use may induce ven- 
tricular tachycardia or fibrillation. 

Nondepolarizing relaxants and ganglionic 
blocking agents should be administered cau- 
tiously, since their actions are augmented by 
FLUOTHANE. 

It has been reported that in genetically 
susceptible individuals, the use of general 
anesthetics and the muscle relaxant, succinyl- 
choline, may trigger a syndrome known as 7 
malignant hyperthermic crisis. Monitoring tem- 4 
perature during surgery will ajd in early recogni- 
tion of this syndrome. Dantrolene sodium and 
supportive measures are generaily indicated in 
the management of malignant hyperthermia. 
Adverse Reactions. The following adverse reac- 
tions have been reported: mild, moderate and 
severe hepatic dysfunction (including hepatic 
necrosis), cardiac arrest, hypotension, respira- 
tory arrest, cardiac arrhythmias, hyperpyrexia, 
shivering, nausea, and emesis. 

Dosage and Administration. FLUOTHANE may 
be administered by the nonrebreathing technic, 
partial rebreathing, or closed technic. The 
induction dose varies from patient to patient. 
The maintenance dose varies from 0.5 per cent 
to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide. 

How Supplied. No. 3125--Unit packages of 
125 mi and 250 mi of halothane, U.S.P, stabi- 
lized with 0.01% thymol (w/w), and up to 
0.00025% ammonia (w/w). 7197:/R82 


EARNER 


MNN S 





Compare the whole package 


Compared to the Physio-Control VSM™ 1 vital 
signs monitor, some new competitive monitors are 
bigger, fancier and more expensive. And some are 
less so. But more and more professionals are 
choosing the VSM 1 vital signs monitor because it’s 
the best total package. Consider: No other monitor 
in this field gives so much capability in so small a 
package at so low a price. It’s truly portable. Truly 
versatile. Truly the best value in the market. And, 
backed by the service team that's truly the best in 
the country. The Physio-Control VSM 1 vital signs 
monitor. See it and compare for yourself. 





The VSM 1 Vital Signs Monitor from Physio-Control. 


Physio-Control Corporation - Cardiovascular Division + 11811 Willows Road - Redmond, Washington 98052 USA - (206) 881-4000 


ia-Contral Corporation 





Ideal During Head and Neck Surgery 
All Silicone | 
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Easily Sterilized By Steam Autoclave 


choice Of: 

scuff Design 
Murphy or Magill 
Inflation Plug or Valve 


BIVONA SURGICAL INC. 


5700 W. 23rd Ave. 
- Gary, In. 46406 

219-989-9150 

TELEX 27-6107 
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EMERS ON 
IMYI Ventilator 


A MAJOR ADVANTAGE 


of Emerson ventilators is the 
sine-wave pressure curve 
produced by the Emerson piston. 


Inspiratory flow starts slowly, 
increases to maximum at mid-breath, 
and slows down again to a 
kind of plateau at the end. 


This flow pattern closely copies 
normal breathing, and (compared 
with a square wave) tends to distribute 
gas better in the lungs. * 
It probably accounts for the 
frequently-observed ability of 
Emersons to ventilate difficult 
patients at lower pressure levels. 


Exhalation is exceptionally free. 
Thus, the positive phase is not pro- 
longed needlessly, and impact on the 
cardiovascular system is minimized. 





The lower mean intrathoracic pressure, that results 
from this sine-wave pattern and easy exhalation, is a 
circulatory benefit of outstanding clinical importance. 


The simple, direct construction results in unique reliability. 
Emersons are known to operate for long periods 
without down-time or costly overhauls, a matter 
of significance for cost-effectiveness as well as 
for patient safety. 


With characteristics that ensure ventilatory capacity and 
a minimum of circulatory interference, your Emerson 
can be called on to treat severely difficult cases. It can 
provide important benefits in routine cases as well, 


*Sullivan, Saklad and Demers: “Ventilator Waveform and Gas Distribution” RESPIRATORY CARE 22:4:393. 


J. H. EMERSON COMPANY 


CAMBRIDGE, MASSACHUSETTS 02140 
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NA Pnondepoiarizin 
muscle relaxan 


(pancuronium brorride injection) 


ox l Pavulon was introduced into the United States after four years 
of documented success in Europe. 


Now, after more than a decade, the Pavulon record of superior 
performance, efficacy and safety continues, 


Pavulon has been used successfully in a wide variety of surgical 
procedures involving all patient types—from the neonate to the 
c elderly—from the poor risk patient to the good risk patient. In addi- 
i wale er Pavulon has proved a valuable adjunct in the management 
of mechani ically ventilated patients in intensive core units. 


Al kecora of Success 


(pancuronium bromide injection) 


l Please see next page for brief summary of prescribing information. 


a “Organon Pharmaceuticals | 
Gerganong A Division of Organon Inc. 
ee West Orange, NJ. 07052 oe 
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BRIEF SUMMARY 
(Please consult package insert for full prescribing information.) 


THIS DRUG SHOULD ONLY BE ADMINISTERED BY 
ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH ITS 
ACTIONS, CHARACTERISTICS, AND HAZARDS. 
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ACTIONS: Pavulon is a non-depolarizing neuromuscular block- 
ing agent possessing all of the characteristic pharmacological 
actions of this class of drugs (curariform) on the myoneural 
junction. 

Pavulon (pancuronium bromide) is antagonized by acetylcho- 
line, anticholinesterases, and potassium ion. Its action is 
increased by inhalational anesthetics such as halothane, diethy! 
ether, enflurane and methoxyflurane, as well as quinine, magne- 
sium salts, hypokalemia, some carcinomas, and certain antibiot- 
ics such as neomycin, streptomycin, clindamycin, kanamycin, 
gentamicin and bacitracin. The action of Pavulon may be altered 
by dehydration, electrolyte imbalance, acid-base imbalance, 
renal disease, and concomitant administration of other neuro- 
muscular agents. 


CONTRAINDICATIONS: Pavulon is contraindicated in patients 
known to be hypersensitive to the drug or to the bromide ton. 


WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CARE- 
FULLY ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION 
OF EXPERIENCED CLINICIANS, WHO ARE FAMILIAR WITH ITS 
ACTIONS AND THE POSSIBLE COMPLICATIONS THAT MIGHT 
OCCUR FOLLOWING ITS USE. THE DRUG SHOULD NOT BE 
ADMINISTERED UNLESS FACILITIES FOR INTUBATION, ARTI- 
FICIAL RESPIRATION, OXYGEN THERAPY, AND REVERSAL 
AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN 
MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION. 

In patients who are known to have myasthenia gravis small 
doses of Pavulon may have profound effects. A peripheral nerve 
stimulator is especially valuable in assessing the effects of 
Pavulon in such patients. 
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USAGE IN PREGNANCY: The safe use of pancuronium bromide 
has not been established with respect to the possible adverse 
effects upon fetal development. Therefore, it should not be used 
in women of childbearing potential and particularly during early 
pregnancy unless in the judgment of the physician the potential 
benefits outweigh the unknown hazards. 

Pavulon may be used in operative obstetrics (Cesarean sec- 
tion), but reversal of pancuronium may be unsatisfactory in 
patients receiving magnesium sulfate for toxemia of pregnancy, 
because magnesium salts enhance neuromuscular blockade. 
Dosage should usually be reduced, as indicated, in such cases. 


PRECAUTIONS: Although Pavulon has been used successfully 
in many patients with pre-existing pulmonary, hepatic, or renal 
disease, caution should be exercised in these situations. This is 
particularly true of renal disease since a major portion of admin- 
istered Pavulon is excreted unchanged in the urine. 


ADVERSE REACTIONS: Neuromuscular: the most frequently 
noted adverse reactions consist primarily of an extension of the 
drug's pharmacological actions beyond the time period needed 
for surgery and anesthesia. This may vary from skeletal muscle 
weakness to profound and prolonged skeletal muscle relaxation 
resulting in respiratory insufficiency or apnea. Inadequate rever- 
sal of the neuromuscular blockade by anticholinesterase agents 
has also been observed with Pavulon (pancuronium brornide) as 
with all curariform drugs. These adverse reactions are managed 
by manual or mechanical ventilation until recovery is judged 
adequate. 

Cardiovascular: A slight increase in pulse rate is frequently 
noted. 

Gastrointestinal: Salivation is sometimes noted during very 
light anesthesia, especially if no anticholinergic premedication is 
used. 

Skin: An occasional transient rash is noted accompanying the 
use of Pavulon., 

Respiratory: One case of wheezing, responding to deepening 
of the inhalational anesthetic, has been reported. 


DRUG INTERACTION: The intensity of blockade and duration of 
action of Pavulon is increased in patients receiving potent vola- 
tie inhalational anesthetics such as halothane, diethyl ether, 
enflurane and methoxyflurane. 

Prior administration of succinylcholine, such as that used for 
endotracheal intubation, enhances the relaxant effect of Pavulon 
and the duration of action. If succinyicholine is used before 
Pavulon, the administration of Pavulon should be delayed until 
the succinyicholine shows signs of wearing off. 2 
DOSAGE AND ADMINISTRATION: Pavulon should be adminis- 
tered only by or under the supervision of experienced clinicians. 
DOSAGE MUST BE INDIVIDUALIZED IN EACH CASE. See pack- 
age insert for suggested dosages. 

CAUTION: Federal law prohibits dispensing without prescription. 
HOW SUPPLIED: 

2 mi, ampuls—2 mg./ml.—boxes of 25, NDC = 0052-0444-26 

5 ml ampuls—2 mg./mi.~—boxes of 25, NDC = 0052-0444-25 

10 mL vials—1 mg./mi—boxes of 25, NDC = 0052-0443-25 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 
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common disconnect alarms 





AMERICAN DRAGE 


148B QUARRY ROAD E TELFORD, PENNSYLVANIA 18969 @ 215-723-9824 
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Thermalert Monitoring Thermometers 


DIGITAL DISPLAY 
Gives ‘early warning’ of 
temperature changes. 


+ HIGH STABILITY 
Permanent calibration like a 
glass thermometer. 


e SAFETY | 

Low voltage battery operation. 
-e BATTERY LIFE: 

10 MONTHS DAILY USE 
No battery re-charging, ever. 
PREMIUM MODEL TH-6 only 

o TEMPERATURE RANGE COVERS 
HYPOTHERMIA AND 
HYPERTHERMIA 


Model TH-6 Premium Monitor Thermometer with column clamp THICC-1 


Thermalert thermometers are intended for continuous 


temperature monitoring in the OR and for use in spe- 
cialized techniques such as hypothermic surgery. Therm- 
alerts are as easy to use as glass thermometers, and much 
easier to read. They can indicate a patient's temperature in 
less than 20 seconds, which makes them ideal also for 
rapid screening of large groups such as blood donors. 


These thermometers use Bailey type T interchangeable 
probes and sensors- including our ‘patient confortable’ 


SPECIFICATIONS 


clinical types, needle probes and micro-probes. They also 
accept new disposable temperature-sensing stethoscope 
catheters such as those made by National Catheter Co. 


Their digital display enhances reading accuracy and 
provides early warning of a temperature change, since a 
movement of 1/10th degree is immediately noticed. Therm- 
alerts are the most advanced monitor thermometers so far 
devised. 


Model TH-6 on Adjustable Stand TTS- 


TH-5 


Temperature Range: ................2.. 25-45°C 


0.1°C +1 digit 


TH-6 
0-50°C 

0.1°C 

O.1°C +1 digit 


Conforms to National Bureau of 
Standards tables, Monograph 125 


Readout fecha wnhiee rena sate sens 1/2” liquid crystal 
Battery Life:......,.. LLa ease 700 hours continuous 


1” liquid crystal 
1500 hours continuous 


Use with Bailey Type T probes and microprobes (42 to choose from) 


SAFETY FEATURES 


Automatic 


Automatic 2-stage warning 
Automatic Warning 


Case: 


High-insulating plastic 


Safety Standards: .............. Conforms to: NFPA #56A, Inhalation Anesthetics UL #544, 1972 
ANSUAAMI Safe Current Limits for Electronic Apparatus 


For further information call 
(201) 845-7252, Ext. 12 or write 


515 Victor St., Dept. AA, Saddle Brook, NJ 07662 
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Selective unilateral pulmonary venti- 
Fation through a double-lumen endo- 
»ronchial tube provides good surgical 
ccess and an immobile lung:"' 


addition to providing an improved field, double-lumen tubes 
ermit complete isolation of the diseased lung to help protect 
against the spill of suppuration and hemorrhage into the healthy 
ung when unilateral pulmonary infection or hemorrhagic 
mesion is involved. 
Because one lung is immobile, a quieter surgical field is 
resented and trauma to lung tissue from excessive 
etraction is reduced. 
At one time, there was some concern about unrecog- 
\ized hypoxemia during thoracotomy with ventilation of 
st one lung, but numerous studies indicate that this 
ear is largely unjustified in most cases.2 
For more information about the advantages of 
ouble-lumen tubes—and a demonstration of the 
eft and right mainstem Broncho-Cath Endobron- 


hial Tubes— write or call NCC. 
Mee package insert prior to use. 


“OR MORE INFORMATION 
~all 800-833-8842 and 
-Sk for Sandy Mcintosh. 


CC Division 
allinckrodt, Inc. Mallinckrodt e 
230 Dix Avenue 
alens Falls, New York 12801 


REFERENCES 
Capan, LM, Turndorf. J, Patel, C, Ramanathan. S 
Acinapura, A and Chanlon. J, Anesth Analg., 
5959:847-851, 1980 
Fiser, WP. Friday. CD and Read. RC. J Thorac 
Cardiovasc. Surg., 83:532-531. 1982 


Right and left mainstem 
models now available. 


Swivel connectors permit 360% 
rotation for maximum flexibility 
in set-up. 

High volume, low pressure 
cuffs help minimize tracheal 
trauma. 


Suction ports in connectors 
permit suctioning without 
disconnecting circuit. 
Supplied with stylet, suction 
catheters and connectors. 


For single-patient use. 








Take advantage of the. 
Dentmed general V-pack 


SIMPLE to POSITION 


LUBRICATED and SOFT inthe THROAT 





PAEDIATRIC Only requires a PLAIN TUBE ADULT 


Continuously ADAPTING BARRIER 


CUTS COSTS 


available from 


FORD -BAXTER 
INTERNATIONAL Inc 





1915 Seventeenth Street Sarasota Florida 33580 
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International Anesthesia Research Society 
3645 Warrensville Center Road 
Cleveland, Ohio 44122 


Please change my mail address for ANESTHESIA and ANALGESIA, effective 


From—(Current or former address) To—(New Address) 


Street Address Street Address 


City, State, Zip Code City, State, Zip Code 


Important: Show your name and address exactly as your 
J ourn al is now a d d resse d . oc E E Ug et taeda OO 4 iNeed escort Aaa ENE N ins ace hei e ee neat 
Print Your Name 


The American Society of Anesthesiologists 
invites you to participate in its 1983 subscription series 


NN O Bs a ee | 
ASA Audio Reviews in Anesthesiology 


Volume 2 


A unique audiojournal featuring a monthly series 
of audiocassette lectures officially developed, 
accredited, and sponsored by the ASA. 


The ASA Audio Reviews series teaches theoretical knowledge and practical skills through the 
examination of timely diagnostic anc therapeutic approaches, current opinions, and research data 
in anesthesiology. 


Each Month for 12 Months the Subscriber Will Receive 


e One hour-long presentation on a specific topic in anesthesiology 

e A printed outline of the presentation 

e A selected readings list. and 

e A multiple-choice test for CME credit 

A handsome, silk-screened, album ring-binder will be mailed with the first program to house 
the course components. 


Earn Up to 24 Hours of Category 1 CME Credit 


Subscribers’ test answers will be scored by a computer center biannually. Individual scores along 
with a master answer sheet and a certificate indicating earned CME credit will be returned to 
subscribers. Each monthly issue provides 2 hours of CME Category 1 credit and each year of 
participation meets the criteria for up to 24 hours of credit. 


Topics in the Series Include: 


Preoperative Medical Conditions in the Pediatric Surgical Patient; Extradural and Intrathecal Opiates: 
Drug Interactions in Anesthesia: How to Wean the Ventilator-Dependent Patient; Anesthesia for 
Cesarean Section; Electrophysiologic Brain Monitoring: Infection Control in the Surgical intensive Care 
Unit: Calcium Entry Blocking Drugs: New Muscle Relaxants: Can We Prevent Postoperative Renal 
Failure Intraoperatively?: Cardiovascular Effects of Regional Anesthesia; Clinical Pharmacology and 
Use of Diuretics. 





The Volume 2 Subscription Series Begins January 1983 


Mr btnrrerrrrnimititlbsbset ere mre 


paiaina mnanaa 


Subscribe Now! 
(please print) 


Please make checks payable to and send to: 
Audio Visual Medical Marketing, Inc., 404 Park Avenue South 
New York, NY 10016 


Charge your order by phone, or for further information, call toll-free 
800-221-3995. In New York State, call 212-532-9400. 


Pa a ct EAN 


BNO a a A A A A 


Ca ei A ae Zip 





New York State residents add state and local sales taxes. 
Please charge my: Visa MasterCard 
| Account #__.._e Expiration Date 








paan 


Fee: $150.00 comestic; $225.00 foreign. Price includes postage and handling. 





i Reviews in Anesthesiology. Fee: $150.00 domestic, $225.00 foreign. ° 
he | have included the cost for this program in addition to payment for Volume 2. | 
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To be held at the: 
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21st CLINICAL CONFERENCE f ANESTHESIOLOGIST 
IN i 


Progressive 379-bed acute care facility is seeking a board 


Pittsburgh our community offers excellent schools and rec- 
reational activities (fishing, hunting and skting). Full range of 


_| Ti certified or eligible Anesthesiologist to join a staff of 3 Anes- 
PEDIATRIG ANESTHESIOLOGY | ! thesiologists and 13 CRNA’s. Only a two hour drive east of 


| | procedures performed in modern surgical suites by well 
FEBRUARY 4-6 1983 | | qualified and trained staff. Send CV to: 
E Mr. Joseph Mancari 
Assistant Administrator 


rr 
t 


Los Angeles Marriott Hotel 


Wayne Herbert, M.D. 
Program Director 
Pediatric Anesthesiology Foundation 


Childrens Hospital of Los Angeles the Altoona Hospital 


P.O. Box 54700 A Howard Avenue & 7th Street 
Los Angeles, CA 90054 i Altoona; PA "16603 
An Equal Opportunity Employer M/F 

















— | .A.R.S. 1982 
University of Massachusetts REVIEW COURSE LECTURES 


Medical Center 


Continuing expansion of the surgical program 


Booklet containing 14 Review Course Lectures 
at the University of Massachusetts Medical 


NTR a a aie | given at the 56th Congress in March 1982 is 
enter nas createa ana ional needa for Sta ; . 
in the Department of Anesthesiology. The available from LA.R.S. Cleveland business 
Center is a regional trauma center and performs | office at $5.00 per copy. Supply is limited and 
over 500 open heart procedures per year. In | orders will be filled on basis of receipt date of 
addition to clinical anesthesia, the Department | order. Send check payable to “International 


plays an important role in critical care and | . . ae re ee 

; T. 
pain control. Anesthesia Research Society” with orde 
Laboratory space and opportunities for both | 
basic and clinical research are available. Board 

eligible or certified individuals with interests 


eee eee oeoeeeeesreeeneeeeeoHeeeEOovneoeHeUHe HH EaeEE OS 





in pediatric and adult anesthesia, pain control, | LA.R.S. 

and critical care medicine should send a 3645 Warrensville Center Rd. 

curriculum vitae to the address below: | Cleveland, Ohio 44122 

We are an equal opportunity/ affirmative ac- | 

tion employer. Women and minorities are _ Enclosed is check for P for P 
encouraged to apply. __ copy(ies) of “1982 Review Course Lectures to be sent 
Gary W. Welch, M.D., Ph.D. Chairman of | to: 


Anesthesiology, University of Massachusetts 


Medical Center, 55 Lake Avenue North, O a [——_—— ooo 
Worcester, Mass. 01605 


| 

i 

i 

H 

| 

i 

eraann nn e tnt a amma nae TertAt am AA TRIPE TPA AACR TPE ro yasnannanmranneseeh tm? mrt 
| (City, State, Zip) 








SEERNE crea mans 
ANESTHESIOLOGIST WANTED 

to join 169 physician, multi-specialty 
group with an adjacent 447-bed hospital. 
New clinic building recently completed. 
Gundersen Clinic, Ltd. is in a progressive 
community with expanding university and 
private college. Population 50,000. Cul- 
tural and recreational facilities. Beautiful 
setting; good schools. Excellent pension 
program, no investment required. Service 
organization. Write: J. Michael Hartigan, 
M.D., Chairman, Personnel Committee, 
Gundersen Clinic, Ltd., 1836 South Ave- 
nue, La Crosse, WI 54601. 


‘SAR cence ee arr rae Tr SER a E EERE 


The Ellis Fischel Cancer Center, recently 
designated a regional cancer center, is be- 
ginning a search for Director of Depart- 
ment of Anesthesiology. The Director 
would be expected to provide general and 
regional anesthesia for all types of cancer 
surgery. Experience in departmental ad- 
ministration is desirable. Experience in 
pain control and intensive care is desira- 
bie. Research and teaching opportunities 
are available. Salary is competitive with 
other institutions. Contact William G, 
Kraybill, M.D., Chairman of Search Com- 
mittee for Anesthesiology, Ellis Fischel 
Cancer Center Hospital, Columbia, Mis- 
souri 65201. Phone: (314) 875-2214. 


+ 


Dn A 
MARSHFIELD CLINIC 


seeks anesthesiologist to join 7 M.D.s and 
15 CRNAs in providing services for mul- 
tispecialty group of 190 physicians and 
512-bed referral hospital. Please send cur- 
riculum vitae to Sidney E. Johnson, M.D., 
Marshfield Clinic, Marshfield, WI 54449 
or call collect at 715-387-5253. 


SAI ARACEAE america 


ANESTHESIOLOGIST—PHOENIX, 
ARIZONA AREA— 


Beard certification preferable, Arizona li- 
censure, unique group practice, no OB, 
JCAH Hospital Accreditation—very early 
partnership. This position is available im- 
mediately. C.V. Reply to Box 11-82-B, 
c/o LARS. 





Classified] 
ADVERTISING 


a Dea S a A ite RS 


PEDIATRIC ANESTHESIOLOGY RESI- 
DENCY 


Childrens Hospital of Los Angeles has ad- 
vanced clinical program for residents at 
the second and third year level of training. 
Also accepting applications from practic- 
ing anesthesiologists who wish to update 
their knowledge and proficiency. Positions 
available from 2 months to 1 year. Spe- 
cialized year approved by the AMA. For 
further details contact: 

George B. Lewis, Jr, MD 

Head, Division of Anesthesiology 

Childrens Hospital of Los Angeles 

4650 Sunset Boulevard 

4650 Sunset Boulevard 

Los Angeles, CA 90027 

Phone (213) 662-1708 


aera ee 
WEST VIRGINIA UNIVERSITY: 


Pain Clinic Fellowship commencing July 
1, 1983 available to applicant with three 
years post graduate training in anesthe- 
siology. Multi-disciplined Pain Clinic, 
seeing approximately 2,500 patients 
yearly, 25% of which are new patients. 
Clinic based on out-patient model with in- 
house beds available. Regular staff in- 
cludes three anesthesiologists, a psychia- 
trist, and two clinical psychologists. Ancil- 
lary services include physical therapy, oral 
surgery and family practice. For further 
information contact Robert Bettinger, 
M.D., Director of Pain Clinic, Department 
of Anesthesiology, West Virginia Univer- 
sity Medical Center, Morgantown, WV 
26506. Deadline for applications is March 
1, 1983. An equal opportunity/affirmative 
action employer. 


SD 
ANESTHESIOLOGIST: 


The Maryland Institute for Emergency 
Medical Services Systems has a need for 
anesthesiologists with an interest in 
trauma and critical care, The Institute is 
the clinical trauma center for Maryland 
statewide system. Opportunities for re- 
search, teaching and academic appoint- 
ment available. Board certification pre- 
ferred. Please contact: Peter Chodoff, 
M.D., M.P.H., MIEMSS, 22 5. Greene 
Street, Baltimore, Maryland 21201 (301) 
528-3058. 
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rN 
ROCKY MTS. /SOUTHWEST— 


We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Ex- 
penses paid; partnerships usually avail- 
able. Please contact Southwest Anesthesia 
Services, R.R. #9 Box 86 MM, Santa Fe, 
New Mexico 87501 (505) 983-7371. 


‘RP 20 A a, 
ANESTHESIOLOGIST — 

Board certified/eligible: To join four phy- 
sician, private fee-for-service anesthesiol- 
ogy group. Group provides total anesthe- 
sia care in busy modern metropolitan hos- 
pital (300 beds). Excellent salary, fringe, 
continuing education and related profes- 
sional development. Beautiful community 
with excellent schools and education. 
Great opportunity for professional and fi- 
nancial growth in family oriented com- 
munity. Immediate opening but will wait 
for right candidate. Send qualifications to 
Medical Park Anesthesiologists, Inc., 
Medical Park, Wheeling WV 26003. 


POT RETETE 


Department of Anesthesiology, Medical 
College of Ohio at Toledo, seeks qualified 
additional faculty at Assistant Professor 
and Associate Professor levels for clinical 
practice, teaching and research involve- 
ment. Adding high-risk obstetrical unit 
late 1983. Interest in regional anesthesia 
and pain management sought. Candidates 
must be ABA certified or eligible and have 
Ohio license, Competitive salary commen- 
surate with background and experience, 
New medical school campus and hospital 
in attractive lake-side community with ex- 
cellent family assets, and recreational op- 
portunities. Please send letter, CV plus 
three references to John T. Martin, M.D., 
Professor and Chairman, Department of 
Anesthesiology, Medical College of Ohio 
at Toledo, CS 10008, Toledo, Ohio 43699, 


A TE aR A TNS 
ANESTHESIOLOGISTS— 


Excellent, pre-qualified individuals avail- 
able to join your group on a career or 
temporary basis. For more information 
please contact: Southwest Anesthesia Ser- 
vices, R.R. #9 Box 86 MM, Santa Fe, New 
Mexico 87501. (505) 983-7371, 


* 


WESTERN MASS: 


Anesthesiologist, Board certified or cur- 
rently in the Examination System, inter- 
ested in teaching, to join the Dept. of 
Anesthesia of the 950-bed Baystate Med- 
ical Center, Springfield, MA. Fee-for-ser- 
vice, P.C., Full share after one year. Please 
send C.V. or call: Franco Dinale, Chair- 
man, or Howard Trachtenberg, V. Chair- 
man, 759 Chestnut St, Springfield, 
MA. 01107 (413) 787-4327 or 787-4212. 


e A SET ET 


OREGON: 

Oregon Health Sciences University, De- 
partment of Anesthesiology is recruiting 
for faculty members at the Assistant and 
Associate Professor level. Specialized year 
training or equivalent experience desira- 
ble. Specific need exists in critical care, 
obstetrical anesthesia, pediatric anesthe- 
sia, and regional anesthesia and pain ther- 
apy although all applicants with strong 
clinical teaching ability and interest will 
be considered. Candidates must be eligible 
for Oregon Medical License, Please send 
C-V to Wendell C. Stevens, M.D., Oregon 
Health Sciences University, Department 
of Anesthesiology, 3181 S.W. Sam Jackson 
Park Road, Portland, OR, 97201. The Or- 
egon Health Sciences University is an 
equal opportunity/affirmative action em- 
ployer. 


EE ae 


CRITICAL CARE FELLOWSHIP 

Applications now being accepted for the 
1983 academic year (early starting date 
available.) This is a 1-2 year program in a 
24-bed multidisciplinary Critical Care 
Center with computerized cardiovascular 
monitoring, mass spectrometer and stat 
lab. In addition te clinical opportunities 
for research, investigation can be con- 
ducted in a well-equipped animal lab. Pro- 
gram affiliated with Jacksonville Health 
Education Program/University of Florida. 
Candidates must be Board eligible/certi- 
fied in either anesthesiology, surgery or 
internal medicine. Send GV. to: M, 
Mathru, M.D., Director, Critical Care 
Medicine, Memorial Hospital, P. O. Box 
16325, Jacksonville, Florida 32216. 


Cllassititea! 
ADVERTISING 


PEDIATRIC ANESTHESIOLOGY FEL- 
LOWSHIP— 


The Children’s Hospital, Denver, Colo- 
rado offers an approved PGY-4 fellowship 
year encompassing extensive operating 
room experience with opportunities for 
training in pediatric and neonatal intensive 
care, as well as participation in clinical 
research. 6,000 surgical procedures an- 
nually, 32-bed pediatric ICU and 32-unit 
neonatal tertiary care center. For infor- 
mation contact: Charles H. Lockhart, 
M.D., Director of Anesthesiology, The 
Children’s Hospital, 1056 E. 19th Avenue, 
Denver, CO 80218. 


ESR ese te DP ar aa 


OKLAHOMA: 


Staff Anesthesiologist at Associate or As- 
sistant Professor level to fill recently cre- 
ated staff position in general anesthesia. 
Must have completed a residency ap- 
proved by the American Board of Anes- 
thesiology. The person will be required to 
work with residents, interns and medical 
students in teaching and in the delivery of 
health care. Research interests are also 
desirable and facilities are available for 
those interested. Should be available 1982. 
Contact Bertram E. Sears, M.D., Univer- 
sity of Oklahoma Health Sciences Center, 
Oklahoma City, Oklahoma 73190. De- 
partment of Anesthesiology Telephone: 
405 271-4785 An equal opportunity em- 
ployer. 


OKLAHOMA: CARDIOVASCULAR 
ANESTHESIOLOGIST. 


Director, Section of Cardiothoracic Anes- 
thesia, Department of Anesthesiology, 
Jniversity of Oklahoma Health Sciences 
Center. Assistant or Associate Professor 
depending on experience. Responsible for 
patient care and resident education. Re- 
search facilities available. For information 
contact Bertram E. Sears, M.D., Depart- 
ment of Anesthesiology, University of 
Oklahoma Health Sciences Center, Okla- 
homa City, Oklahoma 73190 Telephone: 
(405) 271-4785 
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ANESTHESIOLOGIST: 


Attractive anesthesia opportunities avail- 
able nationwide on a permanent or locum 
tenens basis. Let our health professionals 
find you that special position; with no cost 
to you. Inquiries in confidence to: 
HEALTH MANAGEMENT SERVICES, 
5555 W. Greenbrier Dr., Glendale, AZ 
85308 (602) 978-4676. 


OKLAHOMA: 


Staff Anesthesiologist at Associate or As- 
sistant Professor Jevel to augment existing 
staff of pediatric anesthesia at the Okla- 
homa Children’s Memorial Hospital. Must 
be Board certified or qualified with interest 
in Pediatric Anesthesiology, Interest in 
working with residents, interns and med- 
ical students. Research opportunities 
available. An equal opportunity/affirma- 
tive action employer. Contact Bertram E. 
Sears, M.D., Department of Anesthesiol- 
ogy, University of Oklahoma, Oklahoma 
City, Oklahoma 73190 Telephone: (405) 
271-4785 


DANS A RTO a ASN Nc i) 


MARYLAND: 

Opening for staff anesthesiologist. Mini- 
mal requirements are: 3 years residency 
training, experience in intensive care, neu- 
rosurgical, thoracic, obstetric and pediatric 
anesthesia, Board eligibility in Maryland, 
teaching interest. Clinical research interest 
desirable. Competitive stipend, outstand- 
ing fringe benefits. Full-time faculty ap- 
pointment at The Johns Hopkins Univer- 
sity School of Medicine. Send curriculum 
vitae to: T. Crawford McAslan, M.D., 
Chairman, Department of Anesthesiology, 
Baltimore City Hospitals, 4940 Eastern Av- 
enue, Baltimore, Maryland 21224. 


Pa a a a a 


ANESTHESIOLOGIST: 

Desire aggressive associate for physician 
administered anesthesia. Case load largely 
Cardiovascular and Thoracic. Free-for- 
service. Sunbelt. Send CV to Box 12-82-C, 
% TARS. 

















‘EASES S TENE EE lee 
ALABAMA —- 

Group of eight anesthesiologists and 
twenty-two CRNAs seeking four addi- 
tional M.D.s. Board certification preferred. 
All types of cases except heart. Large ob- 
stetric epidural practice. Established office 
with computer billing. Full salary after first 
six months. Good schools and excellent 
salt water recreation, town 250K popula- 
tion. Inquiries and CV to Anesthesia Ser- 
vices, PC, 201 Cox Street. Mobile. Ala- 
bama 36690, 


ASR eS 
ANESTHESIOLOGIST— 

wanted, Board eligible or certified, to join 
6 anesthesiologists in 430-bed hospital on 
a fee-for-service basis. Located in Bay City 
on the shore of the Saginaw Bay of Lake 
Huron. Send C.V. to D. Anderson, M.D, 
1308 Columbus, Bay City, Michigan 
48706. 


ee eee 


LAKE COUNTY INDIANA— 


Immediate opening for B.C./B.E. Anesthe- 
siologist. Progressive expanding commu- 
nity hospital. Group practice, no O.B./ 
Open Heart. 45 minutes from downtown 
Chicago. Send C.V. references to Box 12- 
82-B, c/o TARS. 


Ge a ere: 
ARIZONA: 


Anesthesiologist sought to join 5 others in 
southwestern AZ community. Solo fee- 
for-service practice with shared call. All 
specialties except cardiac; no OB except 
sections. Send CV to Box 12-82-E, % 
LA.R.S. 


classified 
ADVERTISING 


Se a E rr ITER EON E E a AES 
ANESTHESIOLOGIST — 

Seeks group practice in southwest, 36 yrs. 
old, 5 years in private practice with large 
single specialty anesthesia group. Com- 
fortable with all types of general and re- 
gional anesthesia including cardiovascular, 
neurosurgical and O.B. Reply to Box 12- 
82-A, c/o LARS. 


TES E 
VIRGINIA — 


Anesthesiologist: Children’s Hospital, 
leading pediatric hospital in Richmond, 
Virginia, is seeking a qualified, experi- 
enced anesthesiologist with an interest in 
pediatric anesthesia. A strong affiliation 
exists with the Medical College of Virginia 
allowing for research and teaching oppor- 
tunities. The position offers an excellent 
compensation plan. Please send CV to: Jay 
Nogi, M.D., Chairman, Search Committee, 
Children’s Hospital, Richmond, Virginia 
23220. 


a a ee ane maa 
OHIO: 


Fellowship in Pain. For more information 
and application write: Director of Resi- 
dency Program, Dept. of Anesthesia, 
Room #3504, Univ. of Cincinnati Med. 
Ctr., 231 Bethesda Ave., Cincinnati, OH 
45267, 


‘ESSA TRE Re A ay 


Board Certified Anesthesiologist skilled in 
pediatric anesthesia wanted for flexible 6- 
9 months per year position in ambulatory 
surgical facility. Resume to Box 12-82-D 


% LARS. 
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ERS Re ATE 


THIS WINTER, WHEN IT'S 5 DEGREES 
BELOW ZERO, AND YOU HAVEN'T 
SEEN THE SUN FOR THREE WEEKS, 
THINK OF FLORIDA 


Think of sunshine, green trees and fresh 
air. Think of a university city, restaurants 
and theater. Think of a full service 450- 
bed community hospital that has an active 
open heart service and busy obstetric an- 
esthesia program. Think of Alachua Anes- 
thesiologists. We have limited openings 
for physicians and certified, registered 
nurse anesthetics. Call or write to us at the 
numbers listed below. And have a pleasant 
winter. Alachua Anesthesiologists, 904- 
372-4321, Ext. 4005, P. ©. Box 14038, 
Gainesville, FL 32605. 

SRR eA RI DS TE ET ee ET 
NURSE ANESTHETISTS— 

Vacancy exists for Certified Registered 
Nurse Anesthetist at Veterans Administra- 
tion Medical Center, Montgomery, AL. 
20-hour a week, permanent position. Sal- 
ary commensurate with qualifications as 
determined by the Professional Standards 
Board, For further details, please write Per- 
sonnel Service (05), VA Medical Center, 
Montgomery, AL. 36193 or call (205) 272- 
4670, Ext. 4105, 


‘Sa AED REI 


Kates for classified advertising: $3.00 per 
line, minimum & lines; box number ads 
$3.50 per line. Classified display rates on 
request. Copy deadline 6 weeks prior to 
publication. Do not submit payment with 
order; invoices will be sent for payment 
prior to publication. Ad copy, subject to 
acceptance by publisher, should be mailed 
to: Anesthesia and Analgesia, 3645 War- 
rensville Center Rd, Cleveland OH 
44122. 
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(oyridostigmine 
~ bromide inection) 


Now formulated without parabens, Regonol is a 
fast-acting reversal agent with documented 
advantages over neostigmine. It maintains 
greater cardiovascular stability,’ causes fewer 
muscarinic side effects,2 and has up to 33% 
longer action.? A wider margin between the anti- 
curare dose and the neuromuscular blocking 
dose? assures better control of the patient. 












A step forward 
-N reversal 


exclusively from 
Organon 


22M9 iN 
a 5 ml vial 


STIFTA 
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P 
References:*1. Gyermek L: Curr Ther Res 18:377-386, 1975. 2. Katy RL Anesthesiology 28528-534, 1967 


BRIEF SUMMARY-—(Picase consult full package insert, enclosed in every package, before 
using Regonol) 

INDICATIONS—Pyridostigmine bromide is useful as a reversal agent or antagonist to 
nondepoianzing muscie relaxants. 


CONTRAINDICATIONS— Known hypersensitivity to anticholinesterase agents: intestinal and 
ulinary obstructions of mechanical type. 


WARNINGS —Pyridostigmine bromide should be used with particular caution in patients with 
bronchial asthma or cardiac dysrhythmias. Transient bradycardia may occur and be relieved by 
atropine sulfate Atropine should also be used with caution in patients with cardiac dysrhyth- 
mas. When large doses of pyridostigmine bromide are administered, as during reversal of 
muscie relaxants, prior or simultaneous injection of atropine sulfate is advisable. Because of the 
possibility of hypersensitivity in an occasional patient, atropine and antishock medication 
shouid always be readily available. 
When used as an antagonist to nondepolarizing muscle relaxants, adequate recovery of 
voluntary respiration and neuromuscular transmission must be obtained prior to discontinua- 
tion of respiratory assistance and there should be continuous patient observation. Satisfactory 
recovery May be defined by a combination of clinica’ judgement, respi ratory measurements and 
observation of the effects of peripheral nerve stimulation. If there is any doubt concerning the 
adequacy of recovery from the effects of the nondepolarizing muscle relaxant, artificial 




















Habion should be continued until all doubt has been removed. 

» in. Pregnancy—The safety of pyridostigmine bromide during pregnancy or lactation in 

ans has not been established. Therefore its use in women who are pregnant requires 
ng the drug's potential benefits against its possible hazards to mother and child. 


E REACTIONS--The side effects of pyridostigmine bromide are most commonly 
overdosage and generally are of two varieties, muscarinic and nicotinic. Among those 
ar group are Nausea, vomiting, diarrhea, abdominal cramps. increased peristalsis, 
livation, increased bronchial secretions, miosis and diaphoresis. Nicotinic side 
omprised chiefly of muscle cramps, fasciculation and weakness. Muscarinic side 








effects can usually be counteracted by atropine. As with any compound containing the bromide 
radical, a skin rash may be seen in an occasional patient. Such reactions usually subside 
promptly upon discontinuance of the medication. Thrombophiebitis has been reported 
subsequent to intravenous administration. ee 


DOSAGE AND ADMINISTRATION—When pyridostigmine bromide is given intravenously te 
reverse the action of muscle relaxant drugs, it is recommended that atropine sulfate (.6to 
mg) or glycopyrrolate in equipotent doses be given intravenously immediately prior to of 
simultaneous with tis administration. Side effects, notably excessive secretions and bradyca 
dia are thereby minimized. Reversal dosages range from 0.1-0.25 mg. / kg. Usually 10 or 20) 
of pyridostigmine bromide will be sufficient for antagonism of the effects of the nondepolariz 
muscle relaxants. Although full recovery may occur within 15 minutes in most patients, othe: 
may require a half hour or more. Satisfactory reversal can be evident by adequate voluntar 
respiration, respiratory measurements and use of a peripheral nerve stimulator device. ł 
recommended that the patient be well ventilated and a pateni airway maintained until complete 
recovery of normal respiration is assured. Once satisfactory reversal has been attained, 
recurarization has not been reported. - 

Failure of pyridostigmine bromide to provide prompt (within 30 minutes) reversal may occur, 
&.g. in the presence of extreme debilitation, carcinomatosis, or with concomitant use of certains 
broad spectrum antibiotics or anesthetic agents, notably ether. Under these circumstances: 
ventilation must be supported by artificial means until the patient has resumed control of Hise 
respiration. 
HOW SUPPLIED Regonol is availabie in: s 
Smg imi: 2m. ampus—boxes of 25--NDC-0052-0460-02 

S9 mi. vials—boxes of 25--NDC-0052 -0460-05 
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H AND WASTE 






JCAH states in the Safety Clinic 2 Handbook: 
“The atmosphere in the operating room and 
other anesthetizing locations should be 
checked on a regular basis to be sure the 
scavenging system is effective.” 


The specialists pictured here have monitored 
thousands of OR’s since Vital Signs 
pioneered waste gas monitoring in 1974. 


And there are forty more specialists 
nationwide who will prepare a written, 
confidential report with some simple and 
inexpensive solutions. 


By following our recommendations, Vital 
Signs guarantees that your hospital will 
comply with current JCAH/NIOSH/OSHA 
standards. And the cost savings realized by 
the detection of costly high pressure nitrous 
oxide leaks will offset the price of the survey. 


Pick the pioneers in waste gas monitoring. 
Pick Vital Signs. 


| For a free consultation to identify your needs, | 
| please call collect 201-471-1424 or return this 
| card to: 

| Vital Signs, 1 Madison Street, East Rutherford, 
| N.J. 07073. 
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THE PIONEERS IN WASTE GAS MONITORING: ~“ 





